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AUSE OF NOVEL 2-OXO-HETEROCYCLIC COMPOUNDS AND THE

PHARMACEUTICAL COMPOSITIONS COMPRISING THE SAME

5 Technical Field

The present invention relates to novel use of 2-oxo-heterocyclic compounds

having anticancer activity and the pharmaceutical compositions comprising the same.

Background Art

10 Cancer is characterized that cell cluster called as tumor caused by abnormal and

uncontrolled cell growth, is formed, permeated into neighboring tissue and severe to be

transferred to other organ, which is called as neoplasia. Over than 20 million peoples

per year are suffered with cancer in the world and among them 6 million people per year

were died from the disease. The origin of cancer is classified into internal factor e.g.,

15 genetic factor, immunological factor etc and external factor e.g., various chemical

substances, radioactive ray, virus etc. Cancer may occur when the balance between

oncogene and tumor suppressor genes is collapsed by above explained factors.

Histone is a nuclear protein bound to nucleus DNA and reversible acetylation

reaction of histones occurs at e-amino group of positively charged lysine tail with

20 reversibility. Since the reaction relates to the formation of highly structure of

chromatin, it is reported to be correlated with the regulation of the cell cycle and gene

expression accompanied with non-histone proteins.

The balance of acetylated status is sustained with the regulation of two enzyme

complexes, histone acetyltransferase (HAT) and histone deacetylase (HDAC), and the

25 change of acetylation level is reported to be essential in the change of gene expression.

Therefore, the acetylated state of histone can be regulated by compounds inhibiting

HDAC activity, according to the structure, for example, (1) butyrate having short chain

fatty acid structure (Newmark et al.,. Cancer Lett. 78, ppl-5, 1994), (2) trichostatin A,

suberoylanilide hydroxamic acid (SAHA) and oxamflatin having hydroxamic acid

30 structure (Tsuji et al., J. Antibiot. (Tokyo) 29, ppl-6, 1976; Richon et al., Proc. Natl.

Acad. Sci. USA, 95, pp3003-3007, 1998; Kim et al., Oncogene 18, pp2461-2470, 1999),

(3) cyclic tetrapeptide structure including the 2-amino-8-oXo-9,10-epoxy-decanoyl

(AOE); trapoxin A (Kijima et al., J. Biol. Chem. 268, 22429-22435, 1993), (4) cyclic

tetrapeptide structure including the AOE; FR901228 and apicidin (Nakjima et al., Exp.

35 Cell Res. 241, ppl26-33, 1998; Darkin-Rattray et al., Proc. Natl. Acad. Sci. USA 93,

ppl3 143-13 147, 1996), (5) benzamide structure; MS-27-275 (Saito et al., Proc. Natl.

Acad. Sci. USA 96, pp4592-4597, 1999).



WO 2005/004861 PCT/KR2004/001764

2

It has been known that these compounds inhibit HDAC enzyme, induce hyper-

acetylation of histone protein, cause to hyper-expression of a specific protein family

such as tumor inhibiting factor and inhibit the growth of cancer cell resulting in cancer

cell death. Accordingly, the compound inhibiting HDAC selectively can be developed to

5 be a promising candidate drug inhibiting cancer cell and inducing to cell death.

However, there has been not reported or disclosed about novel oxopiperidine

compound showing potent inhibiting activity ofHDAC activity and anticancer activity

in any of above cited literatures, the disclosures of which are incorporated herein by

reference.

10

To investigate novel compound having oxopiperidine skeleton showing potent

inhibiting activity of HDAC activity and anticancer activity, the inventors of present

invention have intensively carried out in vitro experiment concerning the inhibition

effect on the HDAC enzyme. As a result of the investigation, the inventors finally

15 completed the present invention by confirming that the novel compound of the present

invention inhibitedHDAC enzyme and it can be useful as an anti-cancer agent.

SUMMARY OFTHE INVENTION
20

The present invention also provides a use ofnovel 2-oxo-heterocyclic compound

and the pharmacologically acceptable salt thereof for the preparation of pharmaceutical

composition to treat and prevent cancer diseases.

25 The present invention provides a pharmaceutical composition comprising a

novel 2-oxo-heterocyclic compound and the pharmacologically acceptable salt thereof

as an active ingredient in an effective amount to treat and prevent cancer diseases.

30 Disclosure of the invention

Thus, the present invention provides a novel use of a compound represented by the

following general formula (I), and the pharmaceutical^ acceptable salt or the isomer

thereof for the preparation of pharmaceutical composition to treat and prevent cancer

diseases:

35
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(CH*

(I)

wherein

H

OH2N-\ h

, v
'

A1
-(CH2)r-0-hY-t;

M
fA2)

5 A is an hydrogen, Al group or — <A*J>

Al is a lower alkyl, lower alkenyl, lower alkynyl, lower allyl group having CI to C5

carbon atoms, a heterocyclic group or aromatic aryl group, preferably, the group

selected from thiopenyl group, naphtyl group, pyrrolyl group, furyl group and biphenyl

group, wherein Y is a lower alkyl group, lower alkoxy group, nitro, halogen, amine,

10 acetamide, carbonamide or sulfonamide group, M is a lower alkyl group or phenyl

group substituted with R', ofwhich R' is a hydrogen, lower alkyl or lower alkoxy group,

m and r is independently an integer of 1 to 5 respectively inA2 residue;

p is an integer of 0, 1 or 2;

n is an integer of 1 to 5;

15 dotted line (—) means single bond or double bond.

In preferred embodiment, the present invention also provides a use of the

compounds represented by following general formula (II), the pharmaceutically

acceptable salt or the isomer thereof for the preparation of pharmaceutical composition

20 to treat and prevent cancer diseases:
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=\
-M

m
(n)

wherein

5 X is a hydroxyl group, -NHOH, -NHOCH2Ph,

Y is a lower alkyl group, lower alkoxy group, nitro, halogen, amine, acetamide,

carbonamide or sulfonamide group;

M is a lower alkyl group or phenyl group substituted with R', of which R' is a

hydrogen, lower alkyl or lower alkoxy group;

10 m and r is independently an integer of 1 to 5 respectively;

n is an integer of 1 to 5;

dotted line means single bond or double bond.

The preferred compound of general formula (II) is one selected from the group

15 consisting of;

3-[ 1 -(2,4-Dimethoxybenzyl)-2-oxo-2,5-dihydro- lH-pyrrol-3-yl]-N-

hydroxypropionamide,

3-(l-benzyl-2-oxo-2,5-(hhydro4^

N-hyckoxy-3-(2-oxo4-phene%l-2,5-dft^

20 N-hydroxy-342-oxo-l-(3-phenyl-pro^

N-hydroxy-3-[2-oxo- 1-(4-phenyl-butyl)-2,5-dihydro- lH-pyrrol-3-yl]-propionamide,

N4iydroxy-3-[H2-methyl-benzy^

N4iydroxy-3^H3-methyl4)enzyl)-2^^^

N-hydroxy-3-[ 1<4-methyl-benzyl)-2-oxo~2,5-dihydro4H-pyrrol-^

25 N-hydroxy-3^H2-methoxy-benzy^^

propionamide,

N-hydroxy-3-[H3-methoxy4)enzyl>^

propionamide,
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N-hydroxy-3-[l-(4-methoxy-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]-

propionamide,

3-[l-(4-bromo-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]- N-hydroxy-

propionamide,

5 3-[l-(4-chloro-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]- N-hydroxy-propionamide,

3-[l-(4-benzyloxy-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]- N-hydroxy-

propionamide,

N-hydroxy-3-[l-(4-mtro-benzyl)-2-oxo-2,5-aUhy(ko-lH-pyrrol-3-yl]-propionamide

3-[l-(2,4-dimethoxy-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]-propionicacid,

10 3-(l-benzyl-2-oxo-2,5-dihydro-lH-pyrrol-3-yl)-propionic acid,

N- {4-[3-(2-hydroxycarbamoyl-ethyl)-2-oxo-2,5-dihydro-pyrrole- 1 -yl-methyl]-

phenyl}-benzamide,

N-hydroxy-3-{2-oxo-l-[4-(toluene-4-sulfonylammo)-benzyl]-2,5-dibydro-lH-

pyrrol-3-yl}-propionamide,

15 2-(l-berayl-2-oxo-2,5-dihydro-lH-pyrrol-3-yl)-N-hydroxy-acetamide,

2-[l-(2,4-dimethoxy-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]-N-hydroxy-

acetamide,

N-hydroxy-2-(2-oxo-l-phenethyl-2,5-dihydro-lH-pyrrol-3-yl)-acetamide,

N-hytey-2-[2-oxo-l-(4-phenyl-butyl)-2,5-dihydro-lH-pyrrol-3-yl]-acetamide,

20 2-[l-(4-ber^loxy-benzyl)-2-oxo-2,5-dmydro-lH-pyrrol-3-yl]-N-hydroxy-acetamide,

2-(l -benzyl-2-oxo-pyrrolidin-3-yl)-N-hydroxy-acetamide,

2-[l-(2,4-dimethoxy-benzyl)-2-oxo-pyirolidm-3-yl]-N-hydroxy-acetamide,

N-hydroxy-2-(2-oxo-l-phenethyl-pyrrolidin-3-yl)-acetamide,

3- {l-[2-(2-fluoro-phenyl)-ethyl]-2-oxo-2,5-dmydro-lH-pyrrol-3-yl}-N-hydroxy-

25 propionamide,

3-{l-[2-(3-fluoro-phenyl)-ethyl]-2-oxo-2,5-dUbydro-lH-pyn-ol-3-yl}-N-hydroxy-

propionamide,

3.{l.[2<4-fluoro-phenyl)-emyl]-2-oxo-2,5-d^y(ko-lH-pyrrol-3-yl}-N-hydroxy-

propionamide,

30 N-hydroxy-3-{l-[2-(2-rntro-phenyl)-ethyl]-2-oxo-2,5-(iibydro-lH-pyrrol-3-yl}-

propionamide,

N-hydroxy-3-{l-[2-(3-nitro-phenyl)-emyl]-2-oxo-2,5-dihydro-lH-pyrrol-3-yl}-

propionamide,

N-hydroxy-3-{l-[2-(4-mtro-phenyl)-ethyl]-2-oxo-2,5-dihydro-lH-pyrrol-3-yl}-

35 propionamide,

3-{l-[2-(2-bromo-phenyl)-emyl]-2-oxo-2,5-dihydro-lH-pyrrol-3-yl}-N-hydroxy-

propionamide,
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3-{l-[2-(4-bromo-phenyl^

propionamide,

N4iydroxy-3-{l-[2-(2-methoxy^

propionamide,

5 N-hydroxy-3-{l-[2^3-methoxy-phenyl)-ethyl]-2-oxo-2,5-dihydro4

propionamide,

N-hydroxy-3- {l-[2-(4-me^

propionamide,

N4iydroxy-3-[2-oxo4^2-/?-tolyl^

10 N-hydroxy-3-{l-[3<4-methoxy-pheny

propionamide,

N-hydroxy-3-[2-oxo-l-(3-o-tolyl-propyl)-2,5-dihydro-lH-pyirol-3-yl^

N-hydroxy-3-[2-oxo-l-(3-m4olyl-pro^^

N-hydroxy-3-{l-[3-(4-isopropyl-pheny^^

1 5 yl]-propionamide,

3- { l-[3-(4-bromo-phenyl)-pro^

propionamide,

3-{l-[3-(4-cMoro-phenyl)i>ropyl]^

propionamide,

20 N-hydroxy-3-{l-[3-(4-meta^

propionamide,

N-hydroxy-3-{H3-(2-methoxyi)te^

propionamide,

N-hydroxy-3-{l-[3K3-metay^

25 propionamide.

In preferred embodiment, the present invention also provides a use of the

compounds represented by following general formula (HI), the pharmaceutical^

30 acceptable salt or the isomer thereof for the preparation of pharmaceutical composition

to treat and prevent cancer diseases:
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Jn

R (HI)

wherein

H

Xisahydroxylgroup,-NHOH,-MiOCH2Ph, ^or

5 R is a lower alkyl, lower alkenyl, lower alkynyl, lower allyl group having CI to C5

carbon atoms, a heterocyclic group or aromatic aryl group, preferably, the group

selected from thiopenyl group, naphtyl group, pyrrolyl group, furyl group and biphenyl

group;

n is an integer of 1 to 5;

10 dotted line (==) means single bond or double bond.

The preferred compound of general formula (HI) is one selected from the group

consisting of;

N-hydroxy-3-(l-naphmalene-2-ylmemyl-2-oxo-2,5-dihydro-lH-pyrrol-3-yl)-

15 propionamide,

N-hydroxy-3<l-memyl-2-oxo-2,5-dihydro-lH-pyrrol-3-yl)-propionamide,

3^1-allyl-2-oxo-2,5-dmydro-lH-pyrrol-3-yl)-N-hydroxy-propionamide,

N-hydroxy-3-[l-(2-naphmalene4-yl-emyl)-2-oxo-2,5-dmydro-lH-pyrrol-3-yl]-

propionamide,

20 N-hydroxyO-[l<2-naphmalene-2-yl-emyl)-2-oxo-2,5-dmydro-lH-pyrrol-3-yl]-

propionamide,

N-hydroxy-3-[2-oxo-l-(2-thiophen-2-yl-ethyl)-2,5-dihydro-lH-pyrrol-3-yl]-

propionamide,

3.[l.(3-biphenyl-4-yl-propyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]-N-hydroxy-

25 propionamide,

N-hydroxy-3-[l-(3-naphmalene-2-yl-propyl)-2^xo-2,5-dmydro-lH-pyrrol-3-

yl]-propionamide.
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In preferred embodiment, the present invention also provides a use of the

compounds represented by following general formula (IV), the pharmaceutical^

acceptable salt or the isomer thereof for the preparation of pharmaceutical composition

to treat and prevent cancer diseases:

E\ //
-Y-

m
(IV)

wherein

H
-N

N \ H2N—(~)
10 X is a hydroxyl group, -NHOH, -NHOCH2Ph, or ^ ;

Y is a lower alkyl group, lower alkoxy group, nitro, halogen, amine, acetamide,

carbonamide or sulfonamide group;

M is a lower alkyl group or phenyl group substituted with R', of which R 5

is a

hydrogen, lower alkyl or lower alkoxy group;

15 m and r is independently an integer of 1 to 5 respectively;

n is an integer of 1 to 5;

dotted line (~) means single bond or double bond.

The preferred compound of general formula (IV) is one selected from the group

20 consisting of;

3-[l-(2,4-Dimetiioxybenzyl^^

hydroxypropionamide,

N-hydroxy-3-(l-benzyl-2-oxo-l,2,5,6-te^

N-hydroxy-3-[H4-mtro-be

25 propionamide,

3<l-benzyl-2-oxo4,2,5,64etraty

N-hydroxy-3-[2-oxo4<4-phenyl-propy^

propionamide,
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N-hydroxy-3-[2-oxo4K4^

propionamide,

N-hydroxy-3<2-oxo-l-phenethyl4,2,5,6-tetrahydro-pyri^

3-[l-(2,4-dimethoxybenzyl)-2-o^^^

5 acid,

3<l-benzyl-2-oxo4 52,5,6^ acid,

3-[l-(4-nitro4>enzyl)-2-oxo^

3-[2-oxo4^4-phenyl-propyl)-l,2 J
5 J
6-tetrahydro-pyridin-3-yl)^

3-[2-oxo-l -(4-phenyl-butylH,2,5^

10 3-(2-oxo-l-phenethyM,2,5,64et^

3-(l-benzyl-2-oxo-l,2,5,64etrahydroi>^^

propionamide,

N-(2-ammo-phenyl)-3^

propionamide,

15 NK2-amino-phenyl)-3-[H2-me^

yl)-propionamide,

NK2-anmo-phenyl)-3-[H2-m^^

yl)-propionamide,

N-benzyloxy-3^2-oxO"l-phenethyl4,2,5,6-tetrahydro-pyridm^

20 propionamide,

3-[l_(4-acetylammo-ben^

propionamide,

N-4-[5<2-hydroxycarbamoyl-ethyl)-6-oxo-3,6-dihydro-2-pyridm^

phenyl-benzamide,

25 N-hydroxy-3-[l-(4-dimethyls^

pyridin-3-yl]-propionamide,

N-hydroxy-3-2-oxo-144<toluene-4-sulfonylamino)-benzyl-l,2,5,6-tetr^

pyridin-3-yl]-propionamide,

3_[l-(4-acetylamino-benzyl)^^

30 acid,

3-[l_(4-benzoylammo-ben^

acid,

3-2-oxo4-[4-(toluene^-sulfonylan^

pyridin-3-yl]-propionic acid,

35 N-hydroxy-3-(2-oxo4-phene%l-piperidme-3-yl)-propionainide,

2-[l-(2,4-dimethoxy-benzyl)-2-oxo4,2,5^^^

acetamide,
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2-(l-benzyl-2-oxo-l,2,5,6-tetrahydro-py^

N-hydroxy-2-[H4-m^^

hydroxy-acetamide,

N-hydroxy-2-[2-oxo-l-(3-phenyl-propy0^^

5 hydroxy-acetamide,

N-hydroxy-2-[2-oxo-l-(4-phenyl-bu^

hydroxy-acetamide,

[l-(2,4-dimethoxy-benzyl)-2-oxo-l,2,5,6-tetrahydro-pyridin-3-yl]-acetica

(1 -benzyl-2-oxo- 1 ,2,5,6-tetrahydro-pyridin»3-yl)-acetic acid,

10 (2-oxo-l-phenethyl-l,2,5,6-tetrahydro-pyridin-3-yl)-aceticacid,

[2-oxo-l-(3-phenyl-propyl)-l,2,5 5
6-tetrahydro-pyridin-3-yl)-aceticacid,

[2-oxo-l-(4-phenyl-butyl)-l,2,5,6-tetrahydro-pyridin-3-yl)-aceticaci4

2-[l-(2,4-dimethoxy-beiizyl)-2-oxo-piperidine-3-yl]-N-hydroxy-acetamide,

(2-oxo-l-phenethyl-piperidine-3-yl)-acetic acid,

1 5 [2-oxo-l -(3-phenyl-propyl)-piperidine-3-yl]-acetic acid,

4-[l-(4-methoxy-benzyl)-2-oxo-l,2,5,6^

butylamide,

4-(l-phenethyl-2-oxo-l,2,5,6-tetraty

N-hydroxy-4-[2-oxo-l-(3-phenyl-propy

20 butylamide,

N-hydroxy-4-[2-oxo-l-(3-phe^

butylamide.

25 In preferred embodiment, the present invention also provides a use of the

compounds represented by following general formula (V), the pharmaceutical^

acceptable salt or the isomer thereof for the preparation of pharmaceutical composition

to treat and prevent cancer diseases:

30
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wherein

X is a hydroxyl group, -NHOH, -NHOCH2Ph,

R is a lower alkyl, lower alkenyl, lower alkynyl, lower allyl group having CI to C5

carbon atoms, a heterocyclic group or aromatic aryl group, preferably, the group

5 selected from thiophenyl group, naphtyl group, pyrrolyl group, furyl group and biphenyl

group;

n is an integer of 1 to 5;

dotted line (=) means single bond or double bond.

10 The preferred compound of general formula (V) is one selected from the group

consisting of;

3-(2-oxo-l 5
2,5,6-tetrahydro-pyridin-3-yl)-propionic acid,

N-Benzyloxy-3<2-oxo4,2,5,6-tetrahydro-pyridin-3-yl)-propionamid

3<l-Allyl-2-oxo4,2,5,6-tetr^^

15 N-hydroxy-3-(l-methyl-2-oxo^^

N-hydroxy-3-(l-(naphthalene-2-yl-m^^

propionamide,

N4iydroxy-3-[2-oxo4^2^hiophen-2-yl^^^^

propionamide.

20

In preferred embodiment, the present invention also provides the compounds

represented by following general formula (VI), the pharmaceutical acceptable salt or

the isomer thereof for the preparation of pharmaceutical composition to treat and

25 prevent cancer diseases and the use thereof:
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wherein

X is ahydroxyl group, -NHOH, -NHOCH2Ph,

R is independently hydrogen atom, lower alkyl, lower alkenyl, lower alkynyl, lower

5 allyl group having CI to C4 carbon atoms substituted with a phenyl group which can be

substituted with halogen atom or lower alkyl group;

n is an integer of 1 to 5;

dotted line (~) means single bond or double bond.

10 The preferred compound of general formula (VT) is one selected from the group

consisting of;

N-3Kl-benzyl-2-oxo-2,5,6,7-te^^

N-hydroxy-342-oxo-H3-phenyl-e^

propionamide,

15 N-hy(koxy-3-[2-oxo-H3-pte

propionamide,

N-hytay-3-[2-oxo-H3-phenyl^

propionamide.

20 It is another object of the present invention to provide the pharmaceutical

composition comprising an efficient amount of the compound represented by general

formula (I) to (VI) or the pharmaceutically acceptable salt thereof as an active

ingredient in amount effective to prevent or treat cancer diseases together with

pharmaceutically acceptable carriers or diluents.

25

The inventive compounds represented by general fonnula (I) to (VI) can be

transformed into their pharmaceutically acceptable salt and solvates by the conventional

method well known in the art. For the salts, acid-addition salt thereof formed by a

30 pharmaceutically acceptable free acid thereof is useful and can be prepared by the

conventional method. For example, after dissolving the compound in the excess

amount of acid solution, the salts are precipitated by the water-miscible organic solvent

such as methanol, ethanol, acetone or acetonitrile to prepare acid addition salt thereof

and further the mixture of equivalent amount of compound and diluted acid with water

35 or alcohol such as glycol monomethylether, can be heated and subsequently dried by
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evaporation or filtrated under reduced pressure to obtain dried salt form thereof.

As a free acid of above-described method, organic acid or inorganic acid can be used.

For example, organic acid such as methansulfonic acid, /?-toluensulfonic acid, acetic

5 acid, trifluoroacetic acid, citric acid, maleic acid, succinic acid, oxalic acid, benzoic acid,

lactic acid, glycolic acid, gluconic acid, galacturonic acid, glutamic acid, glutaric acid,

glucuronic acid, aspartic acid, ascorbic acid, carbonylic acid, vanillic acid, hydroiodic

acid and the like, and inorganic acid such as hydrochloric acid, phosphoric acid, sulfuric

acid, nitric acid, tartaric acid and the like can be used herein.

10 .

Further, the pharmaceutically acceptable metal salt form of inventive compounds may

be prepared by using base. The alkali metal or alkali-earth metal salt thereof can be

prepared by the conventional method, for example, after dissolving the compound in the

excess amount of alkali metal hydroxide or alkali-earth metal hydroxide solution, the

15 insoluble salts are filtered and remaining filtrate is subjected to evaporation and drying

to obtain the metal salt thereof. As a metal salt of the present invention, sodium,

potassium or calcium salt are pharmaceutical^ suitable and the corresponding silver salt

can be prepared by reacting alkali metal salt or alkali-earth metal salt with suitable

silver salt such as silver nitrate.

20

The pharmaceutically acceptable salt of the compound represented by general

formula (I) to (VI) comprise all the acidic or basic salt which may be present at the

compounds, if it does not indicated specifically herein. For example, the

pharmaceutically acceptable salt of the present invention comprise the salt of hydroxyl

25 group such as the sodium, calcium and potassium salt thereof; the salt of amino group

such as the hydrogen bromide salt, sulfuric acid salt, hydrogen sulfuric acid salt,

phosphate salt, hydrogen phosphate salt, dihydrophosphate salt, acetate salt, succinate

salt, citrate salt, tartarate salt, lactate salt, mandelate salt, methanesulfonate(mesylate)

salt and /7-toluenesulfonate (tosylate) salt etc, which can be prepared by the

30 conventional method well known in the art.

There may exist in the form of optically different diastereomers since the compounds

represented by general formula (I) to (VI) have unsymmetrical centers, accordingly, the

compounds of the present invention comprise all the optically active isomers, R or S

35 stereoisomers and the mixtures thereof. Present invention also comprises all the uses of

racemic mixture, more than one optically active isomer or the mixtures thereof as well

as all the preparation or isolation method of the diastereomer well known in the art.
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The compounds of the invention of formula (I) to (VI) may be chemically

synthesized by the methods which will be explained by following reaction schemes

hereinafter, which are merely exemplary and in no way limit the invention. The reaction

5 schemes show the steps for preparing the representative compounds of the present

invention, and the other compounds also may be produced by following the steps with

appropriate modifications of reagents and starting materials, which are envisaged by

those skilled in the art.

10
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GENERAL SYNTHETIC PROCEDURES

Scheme 1

EySI-A l-Bromo-3-butene ^

Hunig base

MeCN

Grubb's (I) Cat.

CH2CI2

N-(CH2C^
H

b

o

EDC, CH2C12

A

NH2OK H
-,

(CH2)n

As depicted in above Scheme 1, the scheme explains the process for preparing

hydroxamine compound (e) consisting of4 steps;

At 1
st

step, compound (a) is reacted with l-bromo-3-butene under organic

solvent in the presence of Hung base to synthesize compound (b). In the step, an

organic solvent such as acetonitrile, dichloromethane etc are preferable and

diethylisopropylamine can be used as a Hung base in the amount of 2 to 3 equivalents

to the compound (a). It is preferable the reaction is performed at the temperature

ranging from 0 °C to R. T.

At 2
nd

step, the compound (b) obtained in step 1 is reacted with mono acid in the

presence of l-[3-(dimethylamino)propyl]-3-ethylcarbodiimide(EDC) under an

organic solvent to synthesize the compound (c). In the step, an organic solvent such

as methylenechloride, THF etc are preferable and a mono acid such as 2-methylene-

pentandionic acis-5-methyl ester in the amount of 1 to 1.2 equivalents to the

compound (b) is preferable. It is preferable the reaction is performed at the

temperature ranging from 0°C toR. T.

At 3
rd

step, the compound (c) obtained in step 2 is converted into the compound

(d) in the presence of Grubb's (I) catalyst such as Ruthenium catalyst under organic

solvent. In the step, it is preferable to use the catalyst in the amount of 0.02 to 0.1

equivalents to the compound (c) at the temperature ranging from 0 °C to R. T.

At 4
th

step, the compound (d) obtained in step 3 is reacted with amine salt to

synthesize hydroxamide compound (e) in case that X is NHOH in general formula I
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compounds. In the step, it is preferable to use potassium hydroxamide (KONH2) in

the amount of 2 to 3 equivalents to the compound (d) at the temperature ranging from

0°C to R. T.

5

Scheme 2

10 As depicted in the above Scheme 2, the ester compounds (d) is reacted with

hydroxide metal salt under the organic solvent such as THF to synthesize the

carboxylic acid (f). hi the reaction, it is preferable to use LiOH in the amount of 2 to

3 equivalents to the compound (d) at the temperature ranging from 0°C to R. T.

15

Scheme 3

EDC, CH2C12

f g

20 As depicted in the above Scheme 3, the carboxylic acid compound (f) obtained

in Scheme 2 is reacted with benzyloxyamine(BnONH2), pyridylamine or

diaminobenzene in the presence of l-[3-(dimethylamino)propyl]-3-ethylcarbodiimide

(EDC) under organic solvent to synthesize the amide compounds of which X is

benzyloxyamine(BnONH2), pyridylamine or diaminobenzene group. In the reaction,

25 it is preferable to use benzyloxyamine(BnONH2), pyridylamine or diaminobenzene in

the amount of 1 to 1.5 equivalents to the compound (f) at the temperature ranging
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from OH to R. T.

Scheme 4

5

As shown in the above Scheme 4, the amide compound (j) and carboxylic acid

compound (k) are prepared by following procedure from the ester compounds (d):

10 At 1
st

step, the compound (d) prepared from Scheme 2 is reacted with zinc under

organic solvent to synthesize the compound (h). In the step, it is preferable to use the

zinc in the amount of2 to 5 equivalents ofthe compound (h).

At 2
nd

step, the compound (h) obtained in step 1 is reacted with (AcO)20,

PhCOCl, MsCl or TsCL to synthesize the compound (i). In the reaction, it is

15 preferable to use (AcO)20, PhCOCl, MsCl or TsCL in the amount of 1 to 3

equivalents to the compound (h).

At 3
rd

step, the compound (i) obtained in step 2 is reacted with amine salt under

the organic solvent such as methanol to produce the hydroxamide compound (j), i.e.,

the general formula I compound wherein X is NHOH where the amine salt is

20 preferably used in the amount of 2 to 3 equivalents to the compound (i), or with

hydroxide metal salt such as LiOH under the organic solvent such as THF to produce

the carboxylic acid compound (k), i.e., the general formula I compound wherein X is

OH where the metal salt is preferably used in the amount of 2 to 3 equivalents to the
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compound (i).

Scheme 5

5

As shown in Scheme 5, the 1,2,5,6-dihydropyridine compound (d) is reduced to

the piperidine compound (1) by reacting with palladium-carbon (Pd/C) under alcohol

10 solvent in the amount of 0.1 to 0.2 equivalents of compound (d) and further the

piperidine compound (1) is reacted with KONH2 under MeOH to synthesize the

compound (m). In the reaction, it is preferable to use the amine salt in the amount of

2 to 3 equivalents to the compound (m) at the temperature ranging from 0°C to R. T.

15

Scheme 6

20
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As shown in Scheme 6, the benzyl compound (d) is reacted with

triethysilane(TES) in the amount of 1 to 1.5 equivalent of the compound (d) under TFA

solution to produce the compound (1). The compound (1) is further reacted with

5 hexamethyldisilylazidesodium (NaHMDS) under THF solvent and subsequently reacted

with R-X (R: ally methyl etc, X: halogen atom) to produce the compound (m). In the

reaction, it is preferable to use the NaHMDS in the amount of 1 to 1,5 equivalents to the

compound (1).

10

Scheme 7

Hunig base,

CH2C12 ae (b)

15 As shown in Scheme 7, the compound (b) as a starting material is prepared by

following procedure: At 1
st

step, the compound (z) which can be procure by

conventional market or chemical company is reacted with Wittig reagent under the

organic solvent such as dichloromethane to synthesize to the compound (aa). In the

step, it is preferable to use the Wittig reagent in the amount of 1.5 to 2 equivalents of

20 the compound (z) at the temperature ranging from 60 to 70 °C

.

At 2
nd

step, the compound (aa) obtained in step 1 is reacted with Pd/C in the

amount of 0.1 to 0.2 equivalents of the compound (aa) under ethyl alcohol solvent to

synthesize the compound (ab).
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At 3
rd

step, the compound (ab) obtained in step 2 is reacted with lithium

aluminum hydride (LAH) under the organic solvent such as THF to produce the

compound (ac) at 0 °C.

At 4
th

step, the compound (ac) substiteis reacted with p-toluenesulfonylchloride,

5 diisopropylethylamine or 4-(dimethylamino) pyridine in the amount of 0.1 to 0.2

equivalents of the compound (aa) under ethyl alcohol solvent to synthesize the

compound (ab).

At 5
th

step, both of allyl amine and Hunig base, i.e., diisopropylethylamine are

added to the compound (ad) dissolved in acetonitrile, mixed and stirred for six hours

10 at 80 t) to produce the compound (ae), one of the compound (b).

The present invention also provides a pharmaceutical composition comprising

an efficient amount of the compound represented by general formula (I) to (VI) or the

pharmaceutical^ acceptable salt thereof as an active ingredient in amount effective to

treat or prevent cancer diseases together with pharmaceutical^ acceptable carriers or

15 diluents.

The compound of formula (I) to (VI) according to the present invention can be

provided as a pharmaceutical composition containing pharmaceutically acceptable

carriers, adjuvants or diluents. For example, the compounds of the present invention can

20 be dissolved in oils, propylene glycol or other solvents which are commonly used to

produce an injection. Suitable examples of the carriers include physiological saline,

polyethylene glycol, ethanol, vegetable oils, isopropyl myristate, etc., but are not limited

to them. For topical administration, the compounds of the present invention can be

formulated in the form of ointments and creams.

25

The pharmaceutical compositions comprising the compound of the present

invention can be treat and prevent the cancer disease, for example, lung cancer, bone

cancer, pancreatic cancer, skin cancer, cancer of the head and neck, cutaneous or

intraocular melanoma, uterine cancer, ovarian cancer, rectal cancer or cancer of the anal

30 region, stomach cancer, colon cancer, breast cancer, gynecologic tumors (e.g., uterine

sarcomas, carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma

of the cervix, carcinoma of the vagina or carcinoma of the vulva), Hodglrin's disease,

cancer of the esophagus, cancer of the small intestine, cancer of the endocrine system

(eg., cancer of the thyroid, parathyroid or adrenal glands), sarcomas of soft tissues,

35 cancer of the urethra, cancer of the penis, prostate cancer, chronic or acute leukemia,

solid tumors of childhood, lymphocytic lymphonas, cancer of the bladder, cancer of the

kidney or ureter (e.g., renal cell carcinoma, carcinoma of the renal pelvis), or neoplasms
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of the central nervous system (e.g., primary CNS lymphoma, spinal axis tumors, brain

stem gliomas or pituitary adenomas).

The compound of the present invention has potent anti-cancer activity, and the

5 pharmaceutical composition of the present invention thus may be employed to treat or

prevent the cancer disease.

The present invention also provides a method of preventing or treating the

cancer disease which comprises administering compound selected from the group

10 consisting of compounds of formula ( I ) to (VI) or pharmaceutical acceptable salts

thereof in need of such prevention or treatment a therapeutically effective amount of

the salt or a pharmaceutical^ acceptable hydrate thereof as an anti-cancer agent.

Hereinafter, the following formulation methods and excipients are merely exemplary

15 and in no way limit the invention.

The compounds of the present invention in pharmaceutical dosage forms may be

used in the form of their phaimaceutically acceptable salts, and also may be used alone

or in appropriate association, as well as in combination with other pharmaceutically

20 active compounds.

The compounds of the present invention may be formulated into preparations for

injections by dissolving, suspending, or emulsifying them in aqueous solvents such as

normal saline, 5% Dextrose, or non-aqueous solvent such as vegetable oil, synthetic

25 aliphatic acid glycerides, esters of higher aliphatic acids or propylene glycol. The

formulation may include conventional additives such as solubilizers, isotonic agents,

suspending agents, emulsifying agents, stabilizers and preservatives.

The desirable dose of the inventive compounds varies depending on the condition

30 and the weight of the subject, severity, drug form, route and period of administration,

and may be chosen by those skilled in the art. However, in order to obtain desirable

effects, it is generally recommended to administer at the amount ranging 0.0001 - 100

mg/kg, preferably 0.001 - 100 mg/kg by weight/day of the inventive compounds of the

present invention. The dose may be administered in single or divided into several times

35 per day. In terms of composition, the compounds should be present between 0.0001 to

10% by weight, preferably 0.0001 to 1% by weight based on the total weight of the

composition.
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The pharmaceutical composition of present invention can be administered to a

subject animal such as mammals (rat, mouse, domestic animals or human) via various

routes. All modes of administration are contemplated, for example, administration can

5 be made orally, rectally or by intravenous, intramuscular, subcutaneous, intrathecal,

epidural or intracerebroventricular injection.

The present invention is more specifically explained by the following examples.

However, it should be understood that the present invention is not limited to these

10 examples in any manner.

BEST MODE FOR CARRING OUT THE INVENTION

It will be apparent to those skilled in the art that various modifications and

variations can be made in the compositions, use and preparations of the present

15 invention without departing from the spirit or scope of the invention.

The present invention is more specifically explained by the following examples.

However, it should be understood that the present invention is not limited to these

examples in any manner.

20

EXAMPLES
The following Reference Example, Examples and Experimental Examples are

intended to further illustrate the present invention without limiting its scope.

25 Example L Preparation of 3-[l-(2,4-DimethoxybenzyI)-2-oxo-2,5-dihydro-lH-

pyrrol-3-yl]-N-hydroxypropionamide(le)

O

30 Step 1. Preparation of allvl^^-HiTnethoYybenzvDamine (lb)

0.32ml of allylbromide (3.66mM) and 0.7 ml of diisopropyl ethylamine (3.99

mM) were added to the reaction solution containing 500mg of 2, 4-
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dimethoxybenzylamine (3.33 mM) dissolved in methylene chloride with stirring and the

solution was left alone at room temperature. After the reaction mixture was neutralized

with 10% NaOH solution, the mixture was extracted with chloroform, washed with

saturated NaCl solution, dried over MgS04 ,
filtered, and concentrated in vacuo. The

5 resulting compound was purified with Silica gel column chromatography with a solvent

mixture mixed with methanol and chloroform (1:9) as an eluant to give 276 mg of allyl-

(2,4-dimethoxybenzyl)amine (lb) (yield : 40%).

'H-NMR (300 MHz, CDC13) 5 7.12 (d, J= 8.1 Hz, 1H), 6.44-6.39 (m, 2H),

10 5.99-5.86 (m, 1H), 5.21-5.09 (m, 2H), 3.79 (d, J= 6.0 Hz, 6H), 3.74 (s, 2H), 3.23 (d, /=

6.0 Hz, 2H)

Step 2. Preparation of 4-rallvl-(
-

2.4-dimethoxv-benzvn-carbamovl1-pent-4-enoic acid

methvl ester (lc
-

)

15 253 mg of 2-methylene-pentane dionate-5-methyl ester (1 .6 mM), 33lmg of [3-

(dimemylammo)propyl]-3-emylcarbodiimide (1.73 mM) and 48mg of 4-

(dimemylarmno)pyridine (0.39 mM) were added to 0.5 M of reaction solution

dissolving the compound (lb) prepared by above step 1 in methylene chloride and the

mixture was stirred for 10 hrs at room temperature. After the resulting mixture was

20 washed with 5% HC1 solution (10 ml), the mixture was extracted with ethylacetate,

washed with saturated NaCl. And then the extracts were washed with saturated 10ml of

NaHC03 solution and NaCl solution to separate into an organic layer and water layer.

The organic layer was dried over anhydrous MgS04, filtered and concentrated in vacuo.

The resultant was purified by Silica gel column chromatography with a solvent mixture

25 mixed with EtOAc and hexanes (1:2) as an eluant to give 324 mg of 4-[allyl-(2,4-

dimethoxy-benzyl)-cafbamoyl]-pent-4-enoic acid methyl ester (lc) (yield : 70%).

'H-NMR (300 MHz, CDCI3) 5 7.14 (s, 1H), 6.44 (d, 2H), 5.72 (s, 1H), 5.12 (s,

4H), 4.56-4.81 (m 2H), 3.91-3.83 (m, 2H), 3.78 (d, J= 5.3 Hz, 6H), 3.65 (d, J= 1.4 Hz,

30 3H), 2.63 (t, 7=5.7 Hz, 2H), 2.54 (t,J= 5.4 Hz, 2H)

Step 3. Preparation of 3-ri-f2.4-dimethoxvbenzvlV2-oxo-2.5-dihvdro-lH-Pvrrol-3-vll-

propionic acid methvl ester (Id)

324mg of the compound (lc) (0.933 mM) prepared by the above Step 2 was

35 added to the catalyst solution containing 74mg of ruthenium (0.09 mM) dissolved in

93ml ofCH2C12 . Then the mixture was stirred for 24 hrs at room temperature, filtered

and concentrated in vacuo. The resultant was purified by Silica gel column
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chromatography with a solvent mixture mixed with EtOAc and hexanes (1:1) as an

eluant to give 268 mg of 3-[l-(2,4-dimethoxybenzyl)-2-oxo-2,5-dihydro-lH-pyrole-3-

yl]-propionic acid methyl ester (Id) (yield : 90%).

5
lH-NMR (300 MHz, CDC13) 5 7.11 (d,> 9.0 Hz, 1H), 6.61(br t, 1H), 6.43(s,

1H), 6.40 (d, J= 2.7 Hz, 1H), 4.56 (s, 2H), 3.78(d, J= 5.4 Hz, 9H), 3.65(s, 2H), 2.61(s,

4H)

10 Step 4. Preparation of 3-ri"(2,4-dimethoxv-benzvlV2-oxo-2.5-dihvdro-lH>pyrrol-3--vlV

N-hvdroxv-propionamide (le)

lOOmg ofcompound (d) prepared by the above Step 3 was dissolved in methanol

solution (0.313 mM) and then 1.7 M methanolic suspension solution containing NH2OK

(0.27 ml, 0.47 mM) was added thereto at 0°C and the resulting mixture was stirred for 4

15 hrs at room temperature. The resulting mixture was neutralized with 0.02 ml of acetic

acid, diluted with methanol/chloroform solution, filtered and concentrated in vacuo.

The resulting compound was purified by Silica gel column chromatography with a

solvent mixture mixed with methanol and chloroform (1 :9) as an eluant to give 50 mg

of 3-[H2,4-dimethoxy-benzyl)-2-oxo

20 propionamide (le) (yield : 50%).

'H-NMR (300 MHz, CDC13) 8 7.04 (d, J= 8.1 Hz,lH), 6.83 (s, 1H), 6.53-6.44

(m, 2H), 4.54(s, 2H), 3.81 (t, J= 2.0 Hz, 6H), 2.56 (t, /== 7.2 Hz, 2H), 2.34 (t, J= 7.4 Hz,

2H), 1.9(s,3H)

25

Example 2. Preparation of 3-(l-benzyl-2-oxo-2,5-dihydro-lH-pyrrol-3-yl)-N-

hydroxy-propionamide (2e)

3-(l-ben2yl-2-oxo-2,5-dihydro-lH-pyrrol-3-yl)-N-hydrox (2e)

was prepared by the similar procedure described in above Example 1 (See Table 1).

30

Example 3. Preparation of N-hydroxy-3-(2-oxo-l-phenethyl-2,5-dihydro-lH-

pyrrol-3-yl)-propionamide (3e)

N-hy(froxy-3-(2-oxo- 1-phenethyl^^

(3e) was prepared by the similar procedure described in above Example 1 (See Table 1).
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Example 4. Preparation of N-hydroxy-3-[2-oxo-l-(3-phenyl-propyl)-2,5-dihydro-

lH-pyrrol-3-yl]-propionamide (4e)

N-hydroxy-3-[2-oxo-l-(3-phenyl-propyl)-2,5-dihydro-lH-pyrrol-3-yl]-

propionamide (4e) was prepared by the similar procedure described in above Example 1

5 (See Table Y).

Example 5. Preparation of N-hydroxy-3-[2-oxo-l-(4-phenyl-butyl)-2,5-dihydro-lH-

pyrrol-3-yl]-propionamide (5e)

N-hydroxy-3-[2-oxo-l-(4-phenyl-butyl)-2,5-dihydro-lH-pyrrol-3-yl]-

10 propionamide (5e) was prepared by the similar procedure described in above Example 1

(See Table 1).

Example 6. Preparation of N-hydroxy-3-[l-(2-methyl-benzyl)-2-oxo-2,5-dihydro-

lH-pyrrol-3-yl]-propionamide (6e)

15 N-hydroxy-3-[lK2-memyl-benzyl)-2-oxo-2J
5-dihydro-lH-pyrrol-3-yl]-

propionamide (6e) was prepared by the similar procedure described in above Example 1

(See Table 1).

Example 7. Preparation of N-hydroxy-3-[l-(3-methyl-benzyl)-2-oxo-2,5-dihydro-

20 lH-pyrrol-3-yl]-propionamide(7e)

N-hydroxy-3-[l-(3-methyl-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]-

propionamide (7e) was prepared by the similar procedure described in above Example 1

(See Table 1).

25 Example 8. Preparation of N-hydroxy-3-[l-(4-methyl-benzyl)-2-oxo-2,5-dihydro-

lH-pyrrol-3-yl]-propionamide (8e)

N-hydroxy-341K4-memyl-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]-

propionamide (8e) was prepared by the similar procedure described in above Example 1

(See Table 1).

30

Example 9. Preparation of N-hydroxy-3-[l-(2-methoxy-benzyl)-2-oxo-2,5-dihydro-

lH-pyrrol-3-yl]-propionamide (9e)

N-hydroxy-3-[l-(2-memoxy-benzyl)-2-oxo-2,5-dmydro-lH-pyrrol-3-yl]-

propionamide (9e) was prepared by the similar procedure described in above Example 1

35 (See Table 1).

Example 10. Preparation of N-hydroxy-S-ll-CS-methoxy-benzyl^-oxo^S-
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dihydro-lH-pyrrol-3-yl]-propionamide (lOe)

N-hydroxy-3~[l-(3-metto^

propionamide (lOe) was prepared by the similar procedure described in above Example

I (See Table 1).

5

Example 11. Preparation of N-hydroxy-3-[l-(4-methoxy-benzyl)-2-oxo-25
5-diliydro-

lH-pyrrol-3-yl]-propionamide (lie)

N-hydroxy-3-[l-(4-methoxy-ben

propionamide (lie) was prepared by the similar procedure described in above Example

10 1 (See Table 1).

Example 12. Preparation of 3-[l-(4-bromo-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-

yl]- N-hydroxy-propionamide (12e)

3-[l-(4-bromo-benzyl)-2-oxo-2,5-dibydro-lH-pyrrol-3-yl]-N-hydroxy-

15 propionamide (12e) was prepared by the similar procedure described in above Example

I (See Table 1).

Example 13. Preparation of 3-[l-(4-chloro-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-

yl]- N-hydroxy-propionamide (13e)

20 3-[l-(4-cMoro-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]-N-hydroxy-

propionamide (13e) was prepared by the similar procedure described in above Example

1 (See Table 1).

Example 14. Preparation of 3-[l-(4-benzyIoxy-benzyl)-2-oxo-2 55-diliydro-lH-

25 pyrrol-3-yl]- N-hydroxy-propionamide (14e)

3-[l-(4-benzyloxy-ben2yl)-2-oxo-^^ N-hydroxy-

propionamide (14e) was prepared by the similar procedure described in above Example

l(See Table 1).

30 Example 15. Preparation of N-hydroxy-3-[l-(4-nitro-ben2yl)-2-oxo-2,5-dihydro-

lH-pyrrol-3-yll-propionamide (15e)

N-hydroxy-3-[l-(4-mtro-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]-

propionamide (15e) was prepared by the similar procedure described in above Example

I (See Table 1).

35
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[Table la]

Example; •fCSiemtc at -structure.

.2

1^3^14,. (m ;,
5K}.-63* (4 18.3/' Bz ; .

IH)^4.59 X4.^7:8 Skj, 2%'3:75 & 2%
Sv^.Cs 4H).

3.

7:25-7:61 (to v5K).; '6;6* & IB), 3.62, (t

j = 6/1 fit, 2:81 % Js= i ;3 -Hz, 2%
2.52, (s, 2H)i, 2,30 (<if,

^= 6.6 ^ :2H)

•4

D, 7&1 (4 ^= ?;;S; % 2H), ?4^% ^= 6$

m 3H),. ;&72; IH^ 3:75; % »
is-, :2H)X

;257;

C^ B£ «H), 2:44 (s>

.IH);. 1.82 (s, 2H).

5

7v28-7.l2 ..^mv. 5Hj.; 6,73 iHj ; . 3:78 .(d;

J= Hz,. 2H), :3;:43 (^ 2%.:£6l & 5%
;

li.8" Cs,/^$'

-6

9

BO
^^^^"^^^ 7.12 (s, 5H), 6;;67 (s

:
,

1H), 4.58 (4 /=

8;4: Efc :2B)„ 3:.64 (si 2H)> 2,61 (s, 4H},

2.34-2:22; (m,. 3H)

7

7..T-5 (a,. ^- «.S> p*.r;
1H),. 7JJ3-9-93' (m,.

3H), £74 & 4:52 r(4,/=- 8.4 Pl: 2H)>

SSfa $r zm» ZM (s; 3H), £27 4:S

Hz; 4H)

8'

^^^^ 7,09-7:P3.;
.(in,. 4m #70 (.4 /= .18,3; Hz?

1H),.« % m 2H)V 3:7.0 ft
:2H)>

2#l.%3HJy &45 <?> t%. 2*2,8 (& JN 04
Hz, 3Hj
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[Table lb]

Example Ghem'tGail £ttu$pir.&-' sp;e.Gtril;m. or ^atstv

9

"%23±?X&-. (m: 1%; 7;08 ^= 3l5. Hfe

iS5,. -$,§4 '(.44.,y= '?.8 |fe .23).. #2- x?, IS),

4;:59 ,(s, .:2H)., 3^>#, 3H)v 3.75. £s, 2H}, ;2;60

2H), 244 fe, 2H>

10

7.16 f, 4.-8 12, .1% 6.73 . (t,. 5.4

Hr, 3H),. 6.68 (s, 1H); -4.53. ^=W Hz,

2H) > .3.72M(t, J± S2-m. 5H), 2,59 (s, ZB)>.

2.43 &V/2H3

1:1

7.<06-7;014 (m, -.4H)i .6.71; (s„ IHjfc 4:491 (s;

2H),.3#6 1?, 2H),. t£9-Js 2H),
;

2.43

2i25:;^..3H^

12

vl

740 (<*,; 7j-8.
: Hz* 2H), 7 05 (d, J= ZA

Hz, 2H), 6.78 (s,- 1% 433 (s, -2H)i 439

& 2H); 3:76 (s, '2% 2,57 . (If, 5.7 .Hz,

2H) ? -2,31 (t, 7.2 Hz, 2H)

13-

0

flp

7:28-7.07 Cm, ; -2%; 6,95 (t, 8:2- Hzy

2H), 674 (s, ;iH), 4;52 (?, 2H), 3,60 (s
:,
2H);

234 (s,
;2HJ, 231. Cd.^ 7:2 Hz; 2H)

14

0 '

74'i-7.3fi' fei SBQ '7 14 fd J5= &4 Hz' 2HY

6..91 ^,854: Hz, 2H)> 6:67 .0, .
1H)„ :5;02

(s. 2H),. 4,5S
;

ft, .2H), 3.72 (s, 2H)>. 2.65 (2;

4Hj

:

15
; RT 3£S-Pft jfMass r 306.15

Example 16. Preparation of 3-[l-(2,4-dimethoxy-benzyl)-2-oxo-2,5-dihydro-lH-

5 pyrrol-3-yl]-propionic acid (16f)
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O

HO

10.8mg ofLiOHH20 solution (0.25 mM) was added to 0.86ml ofTHF solution

containing 55mg of 3-[l-(2,4-dimethoxy benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]-

propionic acid methyl ester (0.17 mM) in a dropwise manner at 0°C. The reaction

5 mixture was stirred for 2hrs at 0°C adjust pH 1 with 5% HC1 was added to the mixture

to pH 1. Then the mixture was extracted three times with 10ml of elhyl acetate, the

organic layer was washed with 15ml of saturated NaCl solution, dried over anhydrous

MgS04, filtered and concentrated in vacuo. The resulting compound was purified with

Silica gel column chromatography with a solvent mixture mixed with methanol and

10 chloroform (1 :9) as an eluant to give 41 mg of 3-(l-(2,4-dimethoxy-benzyl)-2-oxo-2,5-

dihydro-lH-pyrrol-3-yl]-propionic acid (16f) (yield : 80%).

^-NMR (300 MHz, CDC13) 8 7.11 (d, J= 9.0 Hz, 1H), 6.65 (br t, 1H), 6.41

(ab^ 6.5 Hz,l.l Hz, 2H), 4.57 (s, 2H), 3.81-3.76 (m, 8H), 2.63 (s, 4H)

15

Example 17. Preparation of 3-(l-benzyl-2-oxo-2,5-dihydro-lH-pyrrol-3-yI)-

propionic acid (17f)

3-(l-benzyl-2-oxo-2,5-dihydro-lH-pyrrol-3-yl)-propionic acid (17f) was

prepared by the similar procedure described in above Example 16 (See Table 2).

20

[Table 2]

Exam-pie 'Chemical stiwtt^e -specmim data

n
o
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Example 18. Preparation of N-{4-[3-(2-hydroxycarbamoyI-ethyl)-2-oxo-2?
5-

dihydro-pyrrole-l-yl-methyl]-phenyl}-benzamide (18j)

Step 1. Preparation of 341-f4"amino-benzvlV2-oxo-2,5-dihvdro4H>pvrrol-3-yl1-

5 propionic acid methyl ester (h)

90mg of 341-(4-nitro-benzyl)»2-oxo-2,5-dihycko-lH-pyiTol-3-yl]-propionic acid

methyl ester (0.3 mM) was dissolved in methanol solution at room temperature. And

then 290mg of Zn (4.44mM) and 0.02ml of acetic acid (0.3 mM) were added thereto

and the mixture was stirred for 48 hrs at room temperature. The resulting compound was

10 purified by Silica gel column chromatography with ethylacetate as an eluant to give 20

mg of 3-[l-(4-amino-benzyl)-2-oxo-2,5-dihydro^ acid methyl

ester (h) (yield: 25%).

*H-NMR (300 MHz, CDC13) 8 7.01 (d, 8.4 Hz, 2H), 6.62 (d, J= 1.8Hz, 2H),

15 6.60 (br t, 1H) 4.48 (s, 2H), 3.68 (d, /= 1 .2 Hz, 3H), 3.65 (s, 4H), 2.66-2.58 (m, 4H)

Step 2. Preparation of 3-[l-r4-benzovlamino-benzvlV2-oxo-2,5-dihvdro-lH-pvrrol-3-

vll-propionic acid methyl ester (i)

1Omg of 3-[ 1 -(4-aminO"benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]-propionic

20 acid methyl ester (h) prepared by above Step 1 was dissolved in methylene chloride

solution (0.04mM) at room temperature. And then 8.5 (il of benzoyl chloride (0.07

mM) and 19.1 jol of diisopropylamine (0.1 ImM) were added thereto and the mixture

was stirred for 2 hrs at 0°C. The reaction was stopped by adding methanol and the

mixture was extracted three times with 10ml of ethyl acetate. The organic layer was

25 washed with saturated NaCl solution, dried over anhydrous MgSC>4, filtered and

concentrated in vacuo. The resulting compound was purified with Silica gel column

chromatography with a solvent mixture mixed with ethyl acetate and hexane (1:2) as an

eluant to give 12 mg of 3-[l-(4-benzoylamino-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-

yl]-propionic acid methyl ester (i) (yield : 87%).

30

'H-NMR (300 MHz, CDCI3) 8 7.88-7.83 (m, 3H), 7.62-7.47 (m, 6H), 6.68 (br

t, 1H), 4.62 (S, 2H), 3.75 (d, 2H), 3.68 (s, 3H), 2.67-2.64 (m, 4H)

Step 3. Preparation of N-(4-[3-(2-hv(koxvcarbamoyl-ethvlV2-oxo-2^-dihvdro-pvrrole-

35 1-vl-methvl]-phenyl)-benzamide (i)

7mg of compound (i) prepared by the above Step 2 was dissolved in methanol

solution (0.02 mM) and then 1.7 M methanolic suspension solution containing NH2OK
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(0.4 ml, 0.68 mM) was added thereto at 0°C and the resulting mixture was stirred for 8

hrs at room temperature. The resulting mixture was neutralized with 0.01 ml of acetic

acid, diluted with 10% methanol/chloroform solution, filtered and concentrated in vacuo.

The resulting compound was purified by Silica gel column chromatography with a

5 solvent mixture mixed with methanol and chloroform (1:9) as an eluant to give 3.2 mg

of N-{4-[3-(2-hydroxycarba^

phenyl}-benzamide (j) (yield : 46%).

lH-NMR (300 MHz, CDC13) 5 7.86 (d, /= 6.6 Hz, 2H), 7.62 (d, 8.7 Hz,

10 2H), 7.53-7.39 (m, 4H), 7.17(d, /= 8.4 Hz, 2H), 6.77 (br t, 1H), 4.57 (s, 2H), 3.77 (s,

2H), 2.58 (t, /= 7.3 Hz, 2H), 2.31 (t, 7.2Hz, 2H)

Example 19. Preparation of N-hydroxy-3-{2-oxo-l-[4-(toluene-4-sulfonylamino)-

benzyl]-2,5-dihydro-lH-pyrrol-3-yl}-propionamide (19j)

15 N-hydroxy-3-{2-oxo-H4^toluene-4-sulfonyla

pyrrol-3-yl}-propionamide (19j) was prepared by the similar procedure described in

above Example 18 (See Table 3).

[Table 3]

Example- NMR- Spectrum- .data

0 W A *» 7;Q I?; "3H);, '6%

4:54 :C?; 3H).v 3;74 3H>, *3S U W>
mi RT; : %$mm. ("Mass : 43m0)>

Example 20. Preparation of 2-(l-benzyl-2-oxo-2,5-dihydro-lH.pyrrol-3-yl)-N-

hydroxy-acetamide(20q)

25 Step 1. Preparation of 3-(allvl-benzvl-carbamovlVbut-3-enoic acid methyl ester fo)

587mg of 2-methylene-succinate 4-methyl ester (4.07mM), 781mg of l-[3-

(dime%lamino)propyl]-3-ethylcarbodiimide (4.07mM) and 75mg of 4-

(dimethylamino)pyridine (0.61mM) were added to the reaction solution containing

300mg of allylbenzylamine (2.04 mM) dissolved in methylene chloride solution (0.5M)

30 with stirring for 10 hrs at room temperature. After the resulting mixture was washed

with 5% HC1 solution (10 ml), the mixture was diluted with ethyl acetate, washed with
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10ml of solution mixture mixed with saturated NaHC03 solution and saturated NaCl

solution to separate into an organic layer and water layer. The organic layer was dried

over anhydrous MgSCU, filtered and concentrated in vacuo. The resultant was purified

by Silica gel column chromatography with a solvent mixture mixed with EtOAc and

5 hexanes (1:1) as an eluant to give 272 mg of 3-(allyl-benzyl-carbamoyl)-but-3-enoic

acid methyl ester (o) (yield : 49%).

lH-NMR (300 MHz, CDC13) 5 7.30-7.22 (m, 5H), 5.84-5.71 (m, 1H), 5.37-

5.15 (m, 4H), 4.75-4.65 (m, 2H), 4.02 (s, 2H), 3.63 (s, 3H), 3.48 (s, 2H)

10

Step 2. Preparation of (l-benzvl-2-oxo-2.5-dihvdro-lH-pvrrol-3-vlVacetic acid methyl

ester (p)

234mg of 3-(allyl-benzyl-carbamoyl)-but-3-enoic acid methyl ester (o) (O.lmM)

prepared by the above Step 1 was added to the catalyst solution containing 36mg of

15 Grubb's (I) catalyst (0.04mM) such as ruthenium dissolved in CH2C12 under Ar

atmosphere. Then the mixture was stirred for 24 hrs at room temperature, filtered and

concentrated in vacuo. The resultant was purified by Silica gel column chromatography

with a solvent mixture mixed with EtOAc and hexanes (1 :2) as an eluant to give 180 mg

of (l-benzyl-2-oxo-2,5-dihydro-lH-pyrrol-3-yl)-acetic acid methyl ester (p) (yield :

20 85%).

^-NMR (300 MHz, CDC13) 5 7.33-7.18 (m, 5H), 6.94 (t, /= 1.5 Hz, 1H), 4.61

(s, 2H), 3.79(d, /= 0.7 Hz, 2H), 3.70 (s, 3H), 3.37 (d, J= 1.5 Hz, 2H)

25 Step 3. Preparation of 2-(l-benzvl-2-oxo-2.5-dihvdro-lH-pvrrol-3-vlVN-hvdroxv-

acetamide (q)

24mg of (l-benzyl-2-oxo-2,5-dihydro-lH-pyrrol-3-yl)-acetic acid methyl ester

(p) prepared by the above Step 2 was dissolved in methanol solution (0.1 mM) and then

1.7 M methanolic suspension solution containing NH2OK (0.4 ml, 0.68 mM) was added

30 thereto at 0°C and the resulting mixture was stirred for 4 hrs at room temperature. The

resulting mixture was neutralized with 0.02 ml of acetic acid, diluted with 10%

methanol/chloroform solution, filtered and concentrated in vacuo. The resulting

compound was purified by Silica gel column chromatography with a solvent mixture

mixed with methanol and chloroform (1:9) as an eluant to give 12 mg of 2-(l-benzyl-2-

35 oxo-2,5-dihydro-lH-pyrrol-3-yl)-N-hydroxy-acetamide (q) (yield : 48%).
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lH-NMR (300 MHz, CDCI3) 8 7.35-7.21 (m, 5H), 7.05 (br t, 1H), 4.63 (s,

2H), 3.90 (s, 2H), 3.30 (t, /= 1.5 Hz, 1H), 3.13 (s, 2H)

Example 21. Preparation of 2-[l-(2,4-dimethoxy-benzyl)-2-oxo-2,5-dihydro-lH-

5 pyrrol-3-yl]-N-hydroxy-acetamide (21q)

2-[l-(2,4-dimethoxy-benzyl)-2-oxo-2,5-dUhydro-lH-pyrrol-3-yl]-N-hydroxy-

acetamide (21q) was prepared by the similar procedure described in above Example 20

(See Table 4).

10 Example 22. Preparation of N-hydroxy-2-(2-oxo-l-phenethyl-2,5-dihydro-lH-

pyrrol-3-yl)- acetamide (22q)

N-hydroxy-2-(2-oxo-l-phenethyl-2,5-dihydro-lH-pyrrol-3-yl)-acetamide (22q)

was prepared by the similar procedure described in above Example 20 (See Table 4).

15 Example 23. Preparation of N-hydroxy-2-[2-oxo-l-(4-phenyl-butyl)-2,5-dihydro-

lH-pyrrol-3-yl]- acetamide (23q)

N-hydroxy-2-[2-oxo-l-(4-phenyl-butyl)-2,5-dihydro-lH-pyrrol-3-yl]-acetamide

(23q) was prepared by the similar procedure described in above Example 20 (See Table

4).

20

Example 24. Preparation of 2-[l-(4-benzyloxy-benzyI)-2-oxo-2,5-diliydro-lH-

pyrrol-3-yl]-N-hydroxy-acetamide(24q)

2-[i-(4-benzyloxy-benzyl)-2-oxo-2,5-dmydro4H-pyrrol-3-yl]-N-hydroxy-

acetamide (24q) was prepared by the similar procedure described in above Example 20

25 (See Table 4).

30

35
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[Table 4]

mm :£fiemiM. • $;&©tjB& NPR;^c^«"& data

21
Ik, iH), «&3 .'(*,, &0 Hz>.4,57 j=

#,2»P?fi3 (m, 5H), &90 (br t, ,iH)7 3:75^^5

\m, Is, 1$, Z&4W
:

fe,
'%

,.23
:

^^^^^ t'.^L %j /= '7.4 Hz; p, 7v8

Hz ;3H), 6.7§ (b^.t 'iH), 5.22
s

(s, 1H); 3.30

'(t, &= 3S"^sf . 1% 2 V5# & .^••t'Q.Hz;..'2E^.

2,04 (s, 3H), 1.82 (j, 3H)
;
1.57 (s, 4H)

m

0

HO
7.3^7.31 <m, SH); 7J3. ^ 8:4 Hz,.^2H);

;6.92 (d, jfe .8.7 Ez, 3H), 5:03.
c jC?,,'2H). 4.5&

:'(s; 2H), 3.82 13:8 Hz, 2H).,3:53 (§,

lH)v 3.31 (s„ 1H)

Example 25. Preparation of 2-(l-benzyl-2-oxo-pyrrolidin-3-yl)-N-hydroxy-

5 acetamide (25s)

H

Step L Preparation of r2-oxo-l-phenethvl-pvrrolidin-3-vlVacetic acidmethvl ester (25r)

10 30mg of (l-benzyl-2-oxo-2,5-dihydro-lH-pyrrol-3-yl)-acetic acid methyl ester
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was dissolved in methanol solution (0.12 mM) under nitrogen atmosphere. Then 2.6mg

ofPd-C (0.02mM) was added thereto, and hydrogenated under a hydrogen balloon for 1

to 2 hrs at room temperature. The reaction mixture was filtered and concentrated in

vacuo. The resulting compound was purified with Silica gel column chromatography

5 with with a solvent mixture mixed with EtOAc and hexane (1 : 1) as an eluant to give (2-

oxo-l-phenethyl-pyirolidin-3-yl)-acetic acid methyl ester (25r) (yield : 95%).

*H-NMR (300 MHz, CDCI3) 6 7.34-7.19 (m, 5H), 4.44 (ab, J= 19.8 Hz, 7.

4Hz, 2H), 3.67 (s, 3H), 3.21-3.16 (m, 2H), 2.9 6(m, 2H), 2.43 (dd, /= 8.7 Hz, 7.9 Hz,

10 1H), 2.34-2.23 (m, 1H), 1.76-1.65 (m, 1H)

Step 2. Preparation of 2-fl-benzvl-2-oxo-pyrrolidin-3-vlVN-hvdroxv-acetamide (25s)

12mg of (2-oxo-l-phenethyl-pyrrolidin-3-yl)-acetic acid methyl ester (25r)

prepared by the above Step 1 was dissolved in methanol solution (0.04 mM) and then

15 1.7 M methanolic suspension solution containing NH2OK (0.07 ml, 0.12 mM) was

added thereto at 0°C and the resulting mixture was stirred for 4 hrs at room temperature.

The resulting mixture was neutralized with 0.02 ml of acetic acid, diluted with 10%

methanol/chloroform solution, filtered and concentrated in vacuo. The resulting

compound was purified by Silica gel column chromatography with a solvent mixture

20 mixed with methanol and chloroform (1:9) as an eluant to give 1.6 mg of 2-(l-benzyl-2-

oxo-pyrrolidin-3-yl)-N-hydroxy-acetamide (25s) (yield : 8%).

lH-NMR (300 MHz, CDCI3) 5 7.34-7.19 (m, 5H), 4.46 (d, J= 8.1Hz, 2H),

3.35-3.20 (m, 2H), 3.01-2.71 (m, 2H), 2.66-2.44 (m, 2H), 2.35-2.22 (m, 2H), 1.81-1.58

25 (m, 2H)

Example 26. Preparation of 2-[l-(2,4-dimethoxy-benzyl)-2»oxo-pyrrolidin-3-yl]-N-

hydroxy-acetamide (26s)

2-[l-(2,4-dimethoxy-benzyl)-2-oxo-pyrrolidin-3-yl]-N-hydroxy-acetamide (26s)

30 was prepared by the similar procedure described in above Example 25 (See Table 5).

Example 27. Preparation of N-hydroxy-2-(2-oxo-l-phenethyl-pyrrolidin-3-yl)-

acetamide (27s)

N-hydroxy-2-(2-oxo-l-phenethyl-pyrrolidin-3-yl)- acetamide (27s) was prepared

35 by the similar procedure described in above Example 25 (See Table 5).
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[Table 5]

Example Cfiemical- structures ]tbi£Et :speetrom- -.data-

m

• 7-.i:p & j= mm,,i®, §w & /=>2i6.

®$ 14:3; Hz', t^l,

2,88-2:68 ;(m> t%
.•2.56-2;49' (m;, ,1H); 2v2$-2;22 .(coj

t71-J.6.0.;|m:, 1H|-

27

ho'
5

'7M^15; '@nv S% /= 7,i''
:Hzf:

^H|;

3:'25-3.1;i^-2% i8M:55 :

(m-, 3%
2:5?^;44-(m,^ 2:32-2;2:l .(m,,. 2%
£77-1,62 )<ni,, 12)

Example 28, Preparation of 3-{l-[2-(2-fluoro-phenyl>ethyl]-2-oxo-2,5-dihydro-lH-

5 pyrrol-3-yl}-N-hydroxy-propionamide (28y)

F

Step 1. Preparation oftolueD-4-sulfonate"2-(2-fluoro-phenvlVethvl ester (u)

1.02g of/?-toluensulfonyl chloride (5.35mM), 1.24ml of diisopropyl ethylamine

10 (7.13mM) and 86mg of 4-(dimethylamino)pyridine (0.7ImM) were added to the

reaction solution (3.57mM) containing 500mg of 2-(2-fluoro-phenyl)-ethanol (3.57

mM) dissolved in methylene chloride solution with stirring for 6 hrs at 0 °C under Ar

atmosphere, and then the reaction mixture was stirred for 12hrs at room temperature.

The resulting mixture was neutralized with ammonium chloride, extracted with ethyl

15 acetate and washed with saturated NaCl solution to separate into an organic layer and

water layer. The organic layer was dried over anhydrous MgSCU, filtered and

concentrated in vacuo. The resultant was purified by Silica gel column

chromatography with a solvent mixture mixed with methanol and chloroform (1:7) as an
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eluant to give 740 mg of toluen-4-sulfonate-2-(2-fluoro-phenyl)-ethyl ester (u) (yield :

70%).

Step 2. Preparation of allvl-r2-(2-fluoro-pheavlVethvl1-amme (y)

5 0.89ml of allylamine (11.89mM) and 0.31ml of diisopropyl ethylamine

(1.78mM) were added to the reaction solution (1.19 mM) containing 350mg of toluen-4-

sulfonate-2-(2-fluoro-phenyl)-ethyl ester (u) prepared by above Step 1 dissolved in

acetonitrile solution with stirring for 6 hrs at 80 °C. After the reaction mixture was

neutralized with 10% NaOH solution, the mixture was extracted with chloroform,

10 washed with saturated NaCl solution, dried over MgS04 , filtered, and concentrated in

vacuo. The resultant was purified by Silica gel column chromatography with a solvent

mixture mixed with methanol and chloroform (1:9) as an eluant to give 141 mg of allyl-

[2-(2-fluoro-phenyl)-ethyl]-amine (v) (yield : 66%).

15 Step 3. Preparation of 4-fallvl~r2-f3-fluoro-phenvlVethvl1-carbamovlVpenM-enoic

acid methvl ester (w)

106 mg of 2-methylene-pentane dionate-5-methyl ester (0.67 mM), 139mg of 1-

[3-(dimethylainino)propyl]-3-ethylcarbodiimide (0.73 mM) and 20mg of 4-

(dimethylamino)pyridine (0.17 mM) were added to reaction solution (0.56mM)

20 dissolving lOOmg of allyl-[2-(2-fluoro-phenyl)-ethyl]-amine (v) prepared by above step

2 in methylene chloride and the mixture was stirred for 10 hrs at room temperature.

After the resulting mixture was washed with 5% HC1 solution (10 ml), the mixture was

extracted with ethylacetate, washed with saturated NaCl. And then the extracts were

washed with 10ml of saturated NaHC03 solution and NaCl solution to separate into an

25 organic layer and water layer. The organic layer was dried over anhydrous MgS04 ,

filtered and concentrated in vacuo. The resultant was purified by Silica gel column

chromatography with a solvent mixture mixed with EtOAc and hexanes (1:2) as an

eluant to give 128 mg of 4-{allyl-[2-(3-fluoro-phenyl)-ethyl]-carbamoyl}-pent-4-enoic

acid methyl ester (w) (yield : 72%).

30

!H-NMR (300 MHz, CDCI3) 5 7.19-7.09 (m, 1H), 7.04-6.94 (m, 3H), 5.84 -5.57

(m, 1H), 5.13 (t, /= 10.7 Hz, 4H), 5.06-4.94 (m, 2H), 3.79 (s, 2H), 3.62 (s, 4H), 3.53 (d,

/= 5.4 Hz, 3H), 2.89 (d, 6.0 Hz, 3H)

35 Step 4. Preparation of 3-(l-r2-f2-fluoro-phenvlVethvl1-2-oxo-2,5-dihvdro-lH-Pvrrol-3-

ylj -propionic acid methvl ester (x)
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lOOmg of 4-{allyl42<3-fluoro-phenyl)-ethyl]-carbamoyl}-pent-4-enoic acid

methyl ester (w) (0.3lmM) prepared by the above Step 3 was added to the catalyst

solution containing 27mg of ruthenium catalyst (0.03mM) dissolved in 31.3ml of

CH2CI2 under Ar atmosphere. Then the mixture was stirred for 24 hrs at room

5 temperature, filtered and concentrated in vacuo. The resultant was purified by Silica gel

column chromatography with a solvent mixture mixed with EtOAc and hexanes (1:1) as

an eluant to give 69 mg of 3-{l-[2-(2-fluoro-phenyl)-ethyl]-2-oxo-2,5-dihydro-lH-

pyrrol-3-yl}-propionic acid methyl ester (x) (yield : 75%).

10 ^-NMR (300 MHz, CDC13) 5 7.16-7.12 (m, 2H), 7.03-6.93 (m, 2H), 6.59 (br t,

1H), 3.67 -3.65 (m, 4H), 3.62 (s, 3H), 2.89 (t, /= 7.3 Hz, 2H), 2.56 (s, 4H)

Step 5. Preparation of 3-(l-r2-(2-fluoro-phenvlVethvll-2-oxo-2,5-dihvdro-lH-pvrrol-3-

vll-N-hvdroxv-propionamide (28v)

15 38mg of 3-{l-[2<2-fluoro-phenyl)-ethyl]-2-oxo-2
?5-dihydro-lH-pyrrol-3-yl}-

propionic acid methyl ester (x) prepared by the above Step 4 was dissolved in methanol

solution (0.13 mM) and then 1.7 M methanolic suspension solution containing NH2OK

(0.38 ml, 0.65 mM) was added thereto at 0°C and the resulting mixture was stirred for 8

hrs at room temperature. The resulting mixture was neutralized with 0.02 ml of acetic

20 acid, diluted with 10% methanol/chloroform solution, filtered and concentrated in vacuo.

The resulting compound was purified by Silica gel column chromatography with a

solvent mixture mixed with methanol and chloroform (1:9) as an eluant to give 25 mg
of 3-{l-[2-(2-fluoro-phenyl)-e&yl>^

propionamide (28y) (yield : 65%).

25

lH-NMR (300 MHz, CDC13) 6 7.19-7.08 (m, 2H), 7.02-6.92 (m, 2H), 6.69 (br t,

1H), 3.69 (s, 2H), 3.63 (t, /= 7.0 Hz, 2H)
S
2.87 (t, /= 7.0 Hz, 2H), 2.51 (t, J= 7.0 Hz,

2H), 2.25 (t,/= 7.3 Hz, 2H)

30 Example 29. Preparation of 3-{l-[2-(3-fluoro-phenyl)-ethyl]-2-oxo-2,5-dihydro-lH-

pyrrol-3-yl}-N-hydroxy-propionamide(29y)

3-{l-[2-(3-fluoro-phenyl)-ethyl]-2-oxo-2,5-dihydro-lH-pyrrol-3-yl}-N-

hydroxy-propionamide (29y) was prepared by the similar procedure described in above

Example 28 (See Table 6).

35

Example 30. Preparation of 3-{l-[2-(4-fluoro-phenyl)-ethyl]-2-oxo-2,5-dihydro-lH-

pyrrol-3-yl}-N-hydroxy-propionamide(30y)
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3-{l-[2-(4-fluoro-phenyl)-ethyl]-2-oxo-2,5-dihydro-lH-pyrrol-3-yl}-N-

hydroxy-propionamide (30y) was prepared by the similar procedure described in above

Example 28 (See Table 6).

5 Example 31. Preparation of N-hydroxy-3-{l-[2-(2-nitro-phenyl)-ethyl]-2-oxo-2,5-

dihydro-lH-pyrrol-3-yl}-propionamide(31y)

N-hydroxy-3-{l-[2-(2-mtro-phenyl)-e%l]-2-oxo-2,5-dihydro-lH-pyrrol-3-yl}-

propionamide (31y) was prepared by the similar procedure described in above Example

28 (See Table 6).

10

Example 32. Preparation of N-hydroxy-3-{l-[2-(3-nitro-phenyl)-ethyl]-2-oxo-2,5-

dihydro-lH-pyrrol-3-yl}-propionamide(32y)

N-hy(koxy-3-{l-[2<3-mtro-phenyl)-emyl]-2-oxo-2,5-dmydro-lH-pyrrol-3-yl}-

propionamide (32y) was prepared by the similar procedure described in above Example

15 28 (See Table 6).

Example 33. Preparation of N-hydroxy-3-{l-[2-(4-nitro-phenyl)-ethyl]-2-oxo-2,5-

dihydro-lH-pyrrol-3-yl}-propionamide(33y)

N-hyaVoxy-3-{l-[2-(4-nitro-phenyl)-ethyl]-2-oxo-2,5-dihydro-lH-pyrrol-3-yl}-

20 propionamide (33y) was prepared by the similar procedure described in above Example

28 (See Table 6).

Example 34. Preparation of 3-{l-[2-(2-bromo-phenyl)-ethyl]-2-oso-2,5-dihydro-

lH-pyrrol-3-yl}-N-hydroxy-propionamide(34y)

25 3- { 1
-[2-(2-bromo-phenyl)-ethyl]-2-oxo-2,5-dihydro-lH-pyrrol-3-yl}-N-

hydroxy-propionamide (34y) was prepared by the similar procedure described in above

Example 28 (See Table 6).

Example 35. Preparation of 3-{l-[2-(4-bromo-phenyl)-ethyl]-2-oxo-2,5-dihydro-

30 lH-pyrrol-3-yl}-N-hydroxy-propionamide (35y)

3_ { l.[2-(4-bromo-phenyl)-ethyl]-2-oxo-2,5-dihydro- lH-pyrrol-3-yl}-N-

hydroxy-propionamide (35y) was prepared by the similar procedure described in above

Example 28 (See Table 6).

35 Example 36. Preparation of N-hydroxy-3-{l-[2-(2-methoxy-phenyl)-ethyl]-2-oxo-

2,5-dihydro-lH-pyrrol-3-yl}-propionamide (36y)
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N-hydroxy-3- { 1 -[2-(2-methoxy-phenyl)-^^^

yl}-propionamide (36y) was prepared by the similar procedure described in above

Example 28 (See Table 6).

5 Example 37. Preparation of N-hydroxy-3-{l-[2-(3-methoxy-phenyl)-ethyl]-2-oxo-

2,5-dihydro-lH-pyrrol-3-yl}-propionamide (37y)

N-hydroxy-3- { 1 -[2-(3-methoxy-phenyl)-ethyl]-2-oxo-2,5-dihydro- lH-pyrrol-3-

yl}-propionamide (37y) was prepared by the similar procedure described in above

Example 28 (See Table 6).

10

Example 38. Preparation of N-hydroxy-3-{l-[2-(4-methoxy-phenyl)-ethyl]-2-oxo-

2,5-dihydro-lH-pyrrol-3-yl}-propionamide (38y)

N-hydroxy-3-{l-[2-(4-methoxy-phenyl)-ethyl]-2-oxo-2
>5-dihydro-lH-pyrrol-3-

yl}-propionamide (38y) was prepared by the similar procedure described in above

15 Example 28 (See Table 6).

Example 39. Preparation of N-hydroxy-3-[2-oxo-l-(2-/i-toIyl-ethyl)-2,5-diliydro-

lH-pyrrol-3-yl]-propionamide (39y)

N-hydroxy-3-[2-oxo-l<2-^olyl-ethyl)-2,5-d%dro4H-pyrrol-3-yl]-

20 propionamide (39y) was prepared by the similar procedure described in above Example

28 (See Table 6).
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Example 40. Preparation of N-hydroxy-3-{l-[3-(4-methoxy-phenyl)-propyl]-2-oxo-

5 2,5-dihydro-lH-pyrrol-3-yl}-propionamide (40ah)

Step L Preparation of 3-p-tolvl-acrvlic acid methyl ester (40aa)

Ig of /?-tolualdehyde (8.3mM) and 4.16g of triphenyl phosphanyliden-acetic

acid methyl ester (12.45mM) were dissolved in methylene chloride, the reaction

solution was stirred at 90°C for overnight. After the resluting mixture was

10 concentrated under reduced pressure, a solvent mixture mixed with EtOAc and

hexane(l:7) was added thereto with stirring for lhr. And then white solid was removed

on filter, the residue was filtered and concentrated in vacuo to give 1.39g of 3-/?-tolyl-

acrylic acid methyl ester (40aa) (yield : 95%).
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Step 2. Preparation of 3-p-tolvl-propionic acid methvl ester (40ab)

1.39g of 3-/?-tolyl-acrylic acid methyl ester (40aa) prepared by above Step 1 was

dissolved in methanol solution (7.9 mM) under nitrogen atmosphere. Then Pd-C was

5 added thereto, hydrogenated under a hydrogen balloon for 1 to 2 hrs at room

temperature. The reaction mixture was filtered and concentrated in vacuo. The

resulting compound was purified with Silica gel column chromatography with a solvent

mixture mixed with EtOAc and hexane (1:10) as an eluant to give 1.24g of 3-;?-tolyl-

propionic acid methyl ester (40ab) (yield : 95%).

10

Step 3. Preparation of 3-p-tolvl-propane-l-ol (40ac
>

)

L24g of 3-j>tolyl-propionic acid methyl ester (40ab) prepared by above Step 2

was dissolved in 100 ml of tetrahydrofuran under Ar atmosphere. Then 27ml of lithium

aUuminium-hydride was added thereto with stirring for 2hrs at 0°C. After 3ml of

15 distilled water, 3ml ofNaOH (IN) and 9ml of distilled water were added to the reaction

mixture sequentially, the mixture was stirred for 30min and filtered using cellite in glass

filter and concentrated in vacuo. The resultant was purified by Silica gel column

chromatography with a solvent mixture mixed with methanol and chloroform (1 :2) as an

eluant to give 971mg of 3-^-tolyl-propane-l-ol (40ac) (yield : 93%).

20

Step 4. Preparation of toluene-4-sulfonate-3-p-tolvl-propvl ester (40ad)

2.46g of tosyl chloride (13 mM), 3.4ml of diisopropylamine (19.4 mM) and

158mg of 4<dimethylamino)pyridine (1.29 mM) were added to reaction solution

(6.46mM) dissolving 971mg of 3-p-tolyl-propane-l-ol (40ac) prepared by above step 3

25 in methylene chloride at 0°C under Ar atmosphere with stirring for 6hrs, and the

reaction mixture was stirred for 12 hrs at room temperature. After the reaction mixture

was neutralized with ammonium chloride, the mixture was extracted with ethyl acetate,

washed with saturated NaCl solution, dried over MgS04,
filtered, and concentrated in

vacuo. The resultant was purified by Silica gel column chromatography with a solvent

30 mixture mixed with methanol and chloroform (1 :7) as an eluant to give 1 .3g of toluene-

4-sulfonate-3-/?-tolyl-propyl ester (40ad) (yield : 70%).

Step 5. Preparation of allvH3-z?-tolvl-propylVamine (40ae)

1.6ml of allylamine (21.4mM) and 0.97ml of diisopropyl ethylamine (5.5mM)

35 were added to the reaction solution (4.27 mM) containing 1.3g of allyl-(3-/?-tolyl-

propyl)-amine (40ae) prepared by above Step 4 dissolved in acetonitrile solution with

stirring for 6 hrs at 100 °C. After the reaction mixture was neutralized with 10% NaOH
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solution, the mixture was extracted with chloroform, washed with saturated NaCl

solution, dried over MgSCU, filtered, and concentrated in vacuo. The resultant was

purified by Silica gel column chromatography with a solvent mixture mixed with

methanol and chloroform (1:9) as an eluant to give 687 mg of allyl-(3-/?-tolyl-propyl)-

5 amine (40ae) (yield : 85%).

Step 6. Preparation of 4-[allvl-(3~p4olvl-propvlVcarbamovl1-pent-4-enoic acid methyl

ester (40af)

683 mg of 2-methylene-pentane dionate-5-methyl ester (4.3 mM), 902mg of 1-

10 [3-(dimethylamino)propyl]--3-ethylcarbodiimide (4.7 mM) and 133mg of 4-

(dimethylamino)pyridine (1.09 mM) were added to reaction solution (3.62mM)

dissolving 687mg aUyl-(3-jp-tolyl-propyl)-amine (40ae) prepared by above step 5 in

0.5M of methylene chloride solution under Ar atmosphere and the mixture was stirred

for 10 hrs at room temperature. After the resulting mixture was washed with 5% HC1

15 solution (10 ml), the mixture was extracted with ethylacetate, washed with saturated

NaCl. And then the extracts were washed with saturated 10ml ofNaHC03 solution and

NaCl solution to separate into an organic layer and water layer. The organic layer was

dried over anhydrous MgSC>4, filtered and concentrated in vacuo. The resultant was

purified by Silica gel column chromatography with a solvent mixture mixed with

20 EtOAc and hexanes (1:2) as an eluant to give 797 mg of 4-[allyl-(3-/?-tolyl-propyl)-

carbamoyl]-pent-4-enoic acid methyl ester (40af) (yield : 73%).

^-NMR (300 MHz, CDC13) S7.05(s, 4H), 5.70(s, 1H), 5.16-5.07(m, 4H), 3.94(s,

2H), 3.64(t, /=3.3Hz, 3H), 3.36(s, 2H), 2.67-2.51(m, 6H), 2.28(s, 3H), 1.83(t, J=7.7Hz,

25 2H)

Step 7. Preparation of 3-r2-oxo4-(3-p-tolvl-propvl)-2,5-dihvdro>lH-T3vrrol--3-vll--

propionic acid methyl ester (40ag)

797mg of 4-[allyl-(3-/?-tolyl-propyl)-carbamoyl]-pent-4-enoic acid methyl ester

30 (40af) (2.6mM) prepared by the above Step 6 was added to the catalyst solution

containing 180mg of ruthenium catalyst (O.lmM) dissolved in 200ml of CH2CI2 under

Ar atmosphere. Then the mixture was stirred for 24 hrs at room temperature, filtered

and concentrated in vacuo. The resultant was purified by Silica gel column

chromatography with a solvent mixture mixed with EtOAc and hexanes (1:1) as an

35 eluant to give 391 mg of 3-[2-oxo-l-(3-^-tolyl-propyl)-2,5-dihy(ko-lH-pyrrol-3--yl]-

propionic acid methyl ester (40ag) (yield : 50%).
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'H-NMR (300 MHz, CDC13) 6 6.96 (s, 4H), 6.56 (s, 1H), 3.67 (s, 2H), 3.55 (s,

3H), 3.37 (t, /= 7.2 Hz, 2H), 2.48 (t, J= 8.2 Hz, 6H), 2.19 (s, 3H), 1.76 (t, /= 7.6 Hz,

2H)

5 Step 8. Preparation of N-hvdroxv-3-r2-oxo-1-<
,

3-p-tolvl-propvlV2.5-dihvdro-lH-pvrrol-

3-vll-propionamide (40ah)

lOOmg of 3-[2-oxo-l-(3-p-tolyl-propyl)-2,5-dihydro-lH-pyrrol-3-yl]-propionic

acid methyl ester (40ag) prepared by the above Step 7 was dissolved in methanol

solution (0.33 mM) and then 1.7 M methanolic suspension solution containing NH2OK

10 (0.82 ml, 5.0 mM) was added thereto at 0°C and the resulting mixture was stirred for 8

hrs at room temperature. The resulting mixture was neutralized with 0.02 ml of acetic

acid, diluted with 10% methanol/chloroform solution, filtered and concentrated in vacuo.

The resulting compound was purified by Silica gel column chromatography with a

solvent mixture mixed with methanol and chloroform (1:9) as an eluant to give 50 mg

15 of N-hydroxy-3-[2-oxo-l-(3-p-tolyl-propyl)-2,5-<lmydro-lH-pyrrol-3-yl]-pm

(40ah) (yield : 50%).

'H-NMR (300 MHz, CDCI3) 6 7.21 (s, 4H), 6.95 (s, 1H), 3.96 (s, 2H), 3.60 (s,

2H), 2.72 (s, 5H), 2.45 (s, 3H), 1.99 (s, 2H)

20

Example 41. Preparation of N-hydroxy-3-[2-oxo-l-(3-o-toiyl-propyl)-2,5-dihydro-

lH-pyrroI-3-yl]-propionamide (41ah)

N-hydroxy-3-[2-oxo-l-(3-o-tolyl-propyl)-2,5-dihydro-lH-pyrrol-3-yl]-

propionamide (41 ah) was prepared by the similar procedure described in above

25 Example 40 (See Table 7).

Example 42. Preparation of N-hydroxy-3-[2-oxo-l-(3-m-tolyl-propyl)-2,5-dihydro-

lH-pyrrol-3-yl]-propionamide(42ah)

N-hydroxy-3-[2-oxo4K3-m4olyl-propyl)-2,5-dihydro-lH-pyrrol-3-yl]-

30 propionamide (42ah) was prepared by the similar procedure described in above

Example 40 (See Table 7).

Example 43. Preparation of N-hydroxy-3-{l-[3-(4-isopropyl-phenyl)-propyl]-2-oxo-

2,5-dihydro-lH-pyrroI-3-yl]-propionamide (43ah)

35 N-hydroxy-3-{l-[3-(4-isopropyl-phenyl)-propyl]-2-oxo-2,5-dihydro-lH-pyrrol-

3-yl]-propionamide (43ah) was prepared by the similar procedure described in above

Example 40 (See Table 7).
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Example 44. Preparation of 3-{l-[3-(4-bromo-phenyl)-propyI]-2-oxo-2,5-dihydro-

lH-pyrrol-3-yl]-N-hydroxy-propionamide (44ah)

3- { l-[3-(4-bromo-phenyl)-propyl]-2-oxo-2 3
5-dihydro4H-pyrrol-3-yl]-N-

hydroxy-propionamide (44ah) was prepared by the similar procedure described in above

Example 40 (See Table 7).

Example 45. Preparation of 3-{l-[3-(4-chloro-phenyl)-propyl]-2-oxo-2,5-dihydro-

lH-pyrrol-3-yl]-N-hydroxy-propionamide (45ah)

3- { l-[3-(4-chloro-phenyl)-propyl]-2-oxo-2
9
5-dihydro4H-pyrrol-3-yl]-N-

hydroxy-propionamide (45ah) was prepared by the similar procedure described in above

Example 40 (See Table 7).

Example 46. Preparation of N~hydroxy-3-{l-[3-(4-methoxy-phenyl)-propyl]-2-oxo-

2,5-dihydro-lH-pyrrol-3-yl]-propionamide(46ah)

N-hydroxy-3- { 1 -[3-(4-methoxy-phenyl)-propyl]-2-oxo-2,5-dihydro- 1H-pyrrol-

3-yl]-propionamide (46ah) was prepared by the similar procedure described in above

Example 40 (See Table 7).

Example 47. Preparation of N-hydroxy-3-{l-[3-(2-methoxy-phenyI)-propyl]-2-oxo-

2,5-dihydro-lH-pyrrol-3-yl]-propionamide (47ah)

N-hydroxy-3- { 1 -[3-(2-methoxy-phenyl)-propyl]-2-oxo-2,5-dihydro- 1 H-pyrrol-

3-yl]-propionamide (47ah) was prepared by the similar procedure described in above

Example 40 (See Table 7).

Example 48. Preparation of N-hydroxy-3-{l-[3-(3-methoxy-phenyl)-propyl]-2-oxo-

2,5-dihydro-lH-pyrroI-3-yl]-propionamide(48ah)

N-hydroxy-3- { 1 -[3-(3-methoxy-phenyl)-propyl]-2-oxo-2,5-dihydro-lH-pyrrol-

3-yl]-propionamide (48ah) was prepared by the similar procedure described in above

Example 40 (See Table 7).
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2Hj, (s, 1EJ, 3.72 ft 9:9 Hz> 5H).;

3.40 J5= 7.3 Hz, gH)- 2,58.-2.42. (M, ,6K>,

178 (t. J^T^-H* 2H)

47

7.16^;0S ('m,: :2H); 6,84-6.67 (fo, 35^ :3.79

(t; J= 5:.5 >Hzc 2H)i 3^5i; 3:4H?'i 3H)>
:

£5$%1 Cm. ZH), 'atSS t*.
'?%

2,43 (s,-, m,-, .187 2H);, <a»

2H)=

48

7;19r7.10 (in, 1HJ,, 671 (d, i:0
;.8Hz,

4H5, 3:75 t«. 5H), 3.49A4P 2H), ;2.;55

(t,>= ' 7;7& i,
:.4H|i.2V43; (?, 2^*;. 1.88^^

2H)i

Example 49. Preparation of N-hydroxy-3-(l-naphthalene-2-ylmethyl)-2-oxo-2,5-

5 dihydro-lH-pyrrol-3-yl)-propionamide (le')

N-hydroxy-3-(l-naphmdene-2-ylmethyl-2-oxo-2,5-dihydro-lH-pyrrol-3-yl)-

propionamide (le') was prepared by the similar procedure described in above Example

l(£eeTable8).
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[Table 8]

Example

4?

^^^^^

Example 50. Preparation of N-hydroxy-3-(l-methyl-2-oxo-2,5-dihydro-lH-pyrrol-

5 3-yl)-propionamide (2h 5

)

O

Step L Preparation of 3-(2-oxo-2,5-dihvdro-lH-pvrrol-3-vlVpropionic acid methyl ester

{2f)

10 0.1ml of triethylsilane (0.63mM) was added to the reaction solution containing

200mg of 3-[l-(2>4-dimethoxybenzyl)-2-oxo-2,5-^

acid methyl ester (0.63 mM) dissolved in 0.7ml of trifluoroacetic acid solution at 0°C.

After the reaction mixture was heated for lhr, the mixture was filtered and concentrated

in vacuo to remove solvent. Then the resulting mixture was dissolved in 20ml of

15 chloroform solution to separate into an organic layer and water layer. The organic

layer was washed with 5ml of saturated NaHC03 solution and 5ml of saturated NaCl

solution, dried over anhydrous MgSC>4, filtered and concentrated in vacuo. The

resultant was purified by Silica gel column chromatography with a solvent mixture

mixed with EtOAc and hexanes (19:1) as an eluant to give 50 mg of 3-(2-oxo-2,5-

20 dihydro-lH-pyrrol-3-yl)-propionic acid methyl ester (2f) (yield : 47%).

lH-NMR (300 MHz, CDC13) 5 6.76 (br t, 1H), 3.89 (d, /= 1.3 Hz, 2H), 3.63

(t, /=1.9Hz,3H),2.58(s,4H)

25 Step 2. Preparation of S-d-methvl^oxo^^-dihvdro-lH-nvrrol-S-vlVpropionic acid

methvl ester (2g)

0.33ml of NaHMDS solution (1.0 M in THF, 0.33mM) was added to 0.6ml of

THF solution containing 50mg of 3-(2-oxo-2,5-dihydro-lH-pyrrol-3-yl)-propionic acid
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methyl ester (2f) (0.295mM) prepared by the Step 1 in a dropwise manner at -79°C and

stirred for 30 mins. After 0.3ml of dimethyl sulfate 0.359mM) was added thereto, the

reaction mixture was stirred for 4hrs at 0°C. Then the resulting mixture was dissolved in

2ml of saturated NH4CI solution and extracted with 7ml of ethyl acetate to separate into

5 an organic layer and water layer. The organic layer was washed with 2ml of saturated

NaHC03 solution and 2ml of saturated NaCl solution, dried over anhydrous MgS04 ,

filtered and concentrated in vacuo. The resultant was purified by Silica gel column

chromatography with EtOAc as an eluant to give 18 mg of 3-(l-methyl-2-oxo-2,5-

dihydro-lH-pyrrol-3-yl)-propionic acid methyl ester (2g) (yield : 33%).

10
!H-NMR (300 MHz, CDCI3) 8 6.65 (br t, 1H), 3.81 (s, 1H), 3.64 (s, 3H), 3.01

(s, 3H),2.60(t, 4H).

Step 3. Preparation of N-hvdroxv-3-fl>methvl-2-oxo-2.5-dihvdro4H-p\Trol-3-yl)-

propionamide (2h)

15 18mg of 3-(l-methyl-2-oxo-2,5-dihydro-lH-pyrrol-3-yl)-propionic acid methyl

ester (2g) prepared by the above Step 2 was dissolved in methanol solution (0.1 mM)

and then 1.7 M methanolic suspension solution containing NH2OK (0.09 ml, 0.15 mM)

was added thereto at 0°C and the resulting mixture was stirred for 1 hr at room

temperature. The resulting mixture was neutralized with 0.03 ml of acetic acid, diluted

20 with 10% methanol/chloroform solution, filtered and concentrated in vacuo. The

resulting compound was purified by Silica gel column chromatography with a solvent

mixture mixed with EtOAc and methanol (5:2) as an eluant to give 11 mg of N-

hyckoxy-3-(l-methyl-2-oxo-2,5^ (2h) (yield :

59%).

25

!H-NMR (300 MHz, CDCI3) 5 6.76 (br t, 1H), 3.84 (s, 2H), 3.00 (s, 3H), 2.59

(t, /= 7.2 Hz, 2H), 2.42 (t, J= 7.2 Hz, 2H)

Example 51. Preparation of 3-(l-allyl-2-oxo-2,5-dihydro-lH-pyrrol-3-yl)-N-

30 hydroxy-propionamide (3h*)

3<l-allyl-2-oxo-2,5-dihydro4H-pyro^ (3h')

was prepared by the similar procedure described in above Example 50 (See Table 9).
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[Table 9]

o.

$.8? Mi ZB) fMQ-S$$

fan t8$*X& U i8Hr, &Hb 2:S-1 ,,(s,. 2^v

Example 52. Preparation of N-hydroxy-3-[l-(2-naphthalene-l-yl-ethyl)-2-oxo-2
5
5-

5 dihydro-lH-pyrrol-3-yl]-propionamide (4n')

N4iydroxy-3-[l-(2-naphthalene4-yl^^

propionamide (4n*) was prepared by the similar procedure described in above Example

28 (See Table 10).

10 Example 53. Preparation of N-hydroxy-3-[l-(2-naphthalene-2-yl-ethyl)-2-oxo-2,5-

dihydro-lH-pyrrol-3-yl]-propionamide (5n')

N-hydroxy-3 -[ 1-(2-naphtha^

propionamide (5n') was prepared by the similar procedure described in above Example

28 (See Table 10).

15 Example 54. Preparation of N-hydroxy-3-[2-oxo4-(2-thiophen-2-yI-ethyl)-2,5-

dihydro-lH-pyrrol-3-yl]-propionamide (6n')

N-hydroxy-3-[2-oxo-l-(2-th^

propionamide (6n
5

) was prepared by the similar procedure described in above Example

28 (See Table 10).

20
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[Table 10]

Example

$2

$£8&. :J
jN SA .Bz. -lH); 7i77Jd, ^*^3t 3E5

m* 7.:^. t*
:^ -8:1 $k. ,1H), 7c48F7:?Q

41% 6;04 .£br. t IJbLp s-jo.. (£,-

33&333£^ 2% %;5li ^ %£ Hz-, tSB&j

53

^^^^^^^

773-7:66 -.(id; 3H), 7i53 .1$, 7^-^32

(m,. SHj; 7:2'2;4,: lH)v 6.61 (br U 1H), 3:69 (t,

/= ilHz
? ,
2B)

r
3v60

v

(s; 2% 2:97 ^ 7:0

%$B5, 7i2: Hz,^2E);,;2i4- (t. f=

73 Hz-y 2B5

54

a 7:68- (br 1% 6185 'fo. 40 Hz; 1S) ;

£74: (s;
' lH>; &68 $6f ti'lHJ, 3,65: &^

3.37^;29 <m. 11D, 3.P5 £t, 3^ 6.1 Hz, M).,

2.51 0, /= 4.8'S, .2H). 2:28 & iH)

Example 55. Preparation of 3-[l-(3-biphenyl-4-yl-propyl)-2-oxo-2,5-dihydro-lH-

5 pyrrol-3-yI]-N-hydroxy-propionamide (7w')

3-[lK3-biphenyl-4-yl-propyl)-2-oxo-2,5-dihya^o4H-pyrrol-3-yl]-N-hydroxy-

propionamide (7w') was prepared by the similar procedure described in above Example

40 (See Table 11).

10 Example 56. Preparation of N-bydroxy-3-[l-(3-naphthalene-2-yl-propyl)-2-oxo-2,5-

dihydro-lH-pyrroI-3-yl]-propionamide(8w')

N-hydroxy-3-[l-(3-naphmalene-2-yl-propyl)-2H)XO-2,5^ihydro-lH-pyrrol-3-

yl]-propionamide (8w') was prepared by the similar procedure described in above

Example 40 (See Table 1 1).

15
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[Table 11]

Example ChemicdVs^c^re; ITtjifR $e$rw% $a|a

S5

•7/51 W^Jh 8;0 3z,-4Hl,,'7537 ft 2:4

1H).,. 4:7,9 (s, ;.2H); 3.89. U 2H);.

M m*. m^'^M % j- la :m,'$R}, 2M
& Jh.m m, m), %2 ;(t; J= 6.:9;HzV 1H):

56

1&54 (s, IE), 7=71 Jdd,, J£= 7,9 Hz, 3H).;,

734 C^/ lfe. 7.41-7. 33. 2H), 7-.24Ca, 3=

7v8;:Hz„ 1H)> 6m "(s„ 1H), 3;67 (s, 2H>,.3;40'

'(* 2H), :2^9; ft >= ^'i; JS^, 2J57
:

2H),..:2.4l & 2H),
; t.,86 & 2H)

'

Example 57. Preparation of 3-[l-(2,4-Dimethoxybenzyl)-2-oxo-l,2,5,6-

5 tetrahydropyridin-3-yl]N"hydroxypropionamide(el)

Step 1. Preparation of But-3"envl-(2,4-dimethoxvbenzvnamine ftp

0.5ml of l-Bromo-3-butene (4.926mM) and 0.94 ml of diisopropyl ethylamine

(5.396 mM) were added to the reaction solution containing 0.74ml of 2, 4-

10 dimethoxybenzylamine(a) (4.926 mM) dissolved in methylene chloride with stirring and

the solution was left alone at room temperature for overnight. The reaction mixture was

washed with saturated NaCl solution, dried over MgSC>4, filtered and concentrated in

vacuo. The resulting compound was purified with Silica gel column chromatography

with EtOAc solvent as an eluant to give 436mg of the pure title compound (b) (yield:

15 40%).

^-NMR (300 MHz, CDC13) 5 7.10(d, ,7=8.1 Hz, 1H), 6.41(m, 2H), 5.75(m, 1H),

5.01(m, 2H), 3.78(s, 3H), 3.77(s, 3H), 3.70(s, 2H), 2.63(t, .7=7.5 Hz, 2H), 2.24(m, 2H)

20 Step 2. Preparation of 44But-3-enyl>(2.4-dimethoxvbenzvl)-carbamovll-pent-4-enoic

acid methyl ester (c)

714 mg of 2-methylene-pentane dionate-5-methyl ester (4.5 19 mM), 953mg of

EDC (4.971 mM) and HOmg of DMAP (0.9 mM) were added to 0.5 M of reaction

25 solution dissolving the compound (b) prepared by above step 1 in methylene chloride

and the mixture was stirred for 5 hrs at room temperature. The resulting mixture was

diluted with ethyl acetate and washed with 5% HC1 solution (10 ml) and 10ml of sat.

NaHCC>3 solution to separate into an organic layer and water layer. The organic layer
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was dried over anhydrous MgS04 , filtered and concentrated in vacuo. The resultant

was purified by Silica gel column chromatography with a solvent mixture mixed with

EtOAc and hexanes (1:2) as an eluant to give 1.39 g of 4-[but-3-enyl-(2,4-

dimethoxybenzyl)-carbamoyl]-pent-4-enoic acid methyl ester (c) (yield : 40%).

5

Step 3. Preparation of 3-ri^2.4>dimethoxvbenzvn~2-oxo4,2^,64etrahvdro-pyridin-3-

vl]-propionic acid methvl ester (d)

130mg of the compound (c) (0.360 mM) prepared by the above Step 2 was

added to the catalyst solution containing 20mg of ruthenium (0.024 mM) dissolved in

10 CH2CI2. Then the mixture was stirred for 24 hrs at room temperature, filtered and

concentrated in vacuo. The resultant was purified by Silica gel column

chromatography with methanol/chloroform (1:10) solvent mixture as an eluant to give

108 mg of the title compound (d) (yield : 90%).

15
!H-NMR (300 MHz, CDCI3) 8 7. 17(d, J=8.9Hz, 1H), 6.41(m, 2H), 6.26(t, ^=4.3

Hz, 1H), 4.53(s, 2H), 3.77(s, 3H), 3.76(s, 3H), 3.62(s, 3H), 3.28(t, .7=7.1 Hz, 2H), 2.61-

2.47(m, 4H), 2.22(m, 2H)
l3C-NMR (75 MHz, CDCI3) 8 173.6, 164.8,. 160.2, 158.5, 134.2, 133.9, 130.4,

118.0, 104.1, 98.3, 55.2, 51.3, 45.0, 44.3, 33.3, 26.6, 23.9

20

Step 4. Preparation of 341-f24-dimethoxvbenzvl)-2-oxo-L2.5,6-tetrahvdro-pyridin-3-

vl]-N-hvdroxv-propionamide (el)

46mg of compound (d) prepared by the above Step 3 was dissolved in methanol

solution (0.138 mM) and then 1,7 M methanolic suspension solution containing NH2OK

25 (0.122 ml, 0.207 mM) was added thereto at 0°C and the resulting mixture was stirred for

3 hrs at room temperature. The resulting mixture was neutralized with 0.02 ml of

acetic acid, diluted with 10 ml of ethyl acetate solution, filtered and concentrated in

vacuo. The resulting compound was purified by column chromatography on Silica gel

with methanol/chloroform (1:10) solvent mixture as an eluant to give 32 mg of the title

30 compound (el) (yield: 73%).

!H-NMR (300 MHz, CDC13) 8 7.122(d, J=9.0 Hz, 1H), 6.415-6.331 (m, 3H),

4.505 (s, 2H), 3.750 (s, 3H), 3.744 (s, 3H), 3.271 (t, J=6.9 Hz, 2H), 2.552 (m, 2H),

2.381 (m, 2H), 2.220 (m, 2H)

35
13C-NMR (75 MHz, CDCI3) 8 170.1, 165.4, 160.2, 158.5, 135.8, 133.5, 130.4,

117.5, 104.2, 98.3, 55.3, 44.9, 44.6, 32.8, 27.1, 23.8
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Example 58. Preparation of N-hydroxy-3-(l-benzyl-2-oxo-l,2,5,6-tetrahydro-

pyridin-3-yl)-propionic acid (e2)

N-hydroxy-3-(l -benzyl-2-oxo-l ,2,5,6-tetrahydro-pyridin-3-yl)-propionic acid

5 (e2) was prepared by the similar procedure described in above Example 57 (See Table

12).

Example 59. Preparation of N-hydroxy-3-[l-(4-nitro-benzyl)-2-oxo-l ?2,5 ?
6-

tetrahydro-pyridin-3-yl)-propionamide (e3)

10 N-hydroxy-3-[l-(4-nitro-beiizyl)-2-oxo-l,2,5 56-tetrahy(ko-pyri

propionamide (e3) was prepared by the similar procedure described in above

Example 57 (See Table 12).

Example 60. Preparation of 3-(l-benzyl-2-oxo-l,2,5,6-tetrahydro-pyridin-3-yl)-N-

15 hydroxy propionamide (e4)

3-(l-benzyl-2-oxo-l ?2 }
5,6-tetrahydro-pyridin-3-yl)-N-hydroxy propionamide

(e4) was prepared by the similar procedure described in above Example 57 (See Table

12).

20 Example 61. Preparation of N-hydroxy-3-[2-oxo-l-(4-phenyl-butyl)-l,2 ?59
6-

tetrahydro-pyridin-3-yl]-propionamide (e5)

N-hydroxy-3-[2-oxo-l-(4-phenyl-butyl)-l,2,5,64etxahydro-pyridin-3-yl]-

propionamide (e5) was prepared by the similar procedure described in above Example

57 (See Table 12).

25

Example 62. Preparation of N-hydroxy-3-(2-oxo-l-phenethyl-l,2,5,6-tetrahydro-

pyridin-3-yl)-propionamide (e6)

N-hydroxy-3-(2-oxo-l-phenethyM,2,5,^

(e6) was prepared by the similar procedure described in above Example 57 (See Table

30 12).
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[Table 12]

58
3i33>n,;2H), :2,57(t.

:

J^7:$ Zz,
;
2®,. 2i8(m r 4H).

6v42(br | IB), 4.67(5 :2H)i 3-32(t; J=6;3Hz,;-2H

2,6M;32(mM
60.

7-2?-7,18;(tri 6.40(br t 1I$^3^2$ l^Z&i

P>, 3,l^(t. 1 &?f$ <HylH* 2H

)^2;|4r2>44^:25); 2;S8^5j(ffi 4H)

61

?$p%nfe, 6.3i|br t, 335%*;. 214

3j2|Cbr |,<2H)., 2^55(3, ^Hsy 4H)
J,&33&

ZEfc 2,t8(s,..2H); ,lv8Q&r t; 2H)

62

7;28^:i3|;m, §H5v. :5,36(;t,.i7=3;9, lHf3.39&

tejX'W? 0% J=7
;

0S
?
.:2H), 2:6% ^=7.05,

2H), 2;54(t, ^6.75; 2H) ;
2,40(t, J=6:75, 29);

2.27Cal>, 5.4, 2H),/t58(t,,J=2.7i 4H)

Example 63. Preparation of 3-[l-(2,4-dimethoxybenzyI)-2-oxo-l 5
2 9
5,6-tetrahydro-

5 pyridin-3-yl)-propionic acid (fl)

llmg of LiOH-H20 solution (0.262 mM) was added to 0.75ml of THF solution

10 containing 58mg of 3-[l-(2,4-dimethoxy benzyl)-2-oxo-l,2,5,64etrahydro pyridine-3-

yl]-propionic acid methyl ester (d) (0.174 mM) in a dropwise manner at 0°C. After the

reaction mixture was stirred for 2hrs at 0°C and for lhr at room temperature, 5% HC1

was added to the mixture to pH 2. Then the mixture was extracted three times with
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10ml of ethyl acetate, the organic layer was washed with saturated NaCl solution, dried

over anhydrous MgS04, filtered and concentrated in vacuo. The resulting compound

was purified with Silica gel column chromatography with methanol/chloroform (1:10)

solvent mixture as an eluant to give 44 mg of the title compound (fl) (yield : 80%).

5

!H-NMR (300 MHz, CDC13) 5 7.16(d, 7=8.9 Hz, 1H), 6.42(m, 2H), 6.29(t,

J=4.3 Hz, 1H), 4.54(s, 2H), 3.76(s, 3H), 3.76(s, 3H), 3.29(t, 7=7.2 Hz, 2H), 2.56(m, 4H),

2.22(m, 2H)
13C-NMR (75 MHz, CDC13) 5 177.7, 165.1, 160.1, 158.5, 134.6, 133.9, 130.5,

10 117.7, 104.1, 98.3, 55.2, 44.9, 44.5, 33.5, 26.3, 23.8

Example 64. Preparation of 3-(l-benzyI-2-oxo-lj2,5 3
6-tetrahydro-pyridiii-3-yl)-

propionic acid (£2)

3-(l-benzyl-2-oxo-l,2,5,6-tetrahydro-pyridin-3-yl)-propionic acid (£2) was

15 prepared by the similar procedure described in above Example 63 (See Table 13).

Example 65. Preparation of 3-[l-(4-nitro-ben2yl>2-oxo-l,2 55,6-tetrahydro-pyridin-

3-yl)-propionic acid (f3)

341-(4-nitro-benzyl)-2-oxo-l^,5,6-tetrahydro-pyridin-3-yl)-propiomc acid (£3)

20 was prepared by the similar procedure described in above Example 63 (See Table 13).

Example 66. Preparation of 3-[2-oxo-l-(3-phenyl-propyl)-l 52 9556-tetrahydro-

pyridin-3-yl)-propionic acid (f4)

3-[2-oxo-l -(3-phenyl-propyl>l,2,5,64etrahydro-pyridin-3-yl)-propioiiic acid

25 (f4) was prepared by the similar procedure described in above Example 63 (See Table

13).

Example 67. Preparation of 3-[2-oxo-l-(4-phenyl-bntyl)-l^,5 5
6-tetrahydro-

pyridin-3-yI)-propionic acid (f5)

30 3-[2-oxo-l-(4-phenyl-butyl)-l^ acid (f5)

was prepared by the similar procedure described in above Example 63 (See Table 13).

Example 68. Preparation of 3-(2-oxo-l-phenethyl-l,2,556-tetrahydro-pyridin-3-yl)-

propionic acid (f6)

35 3-(2-oxo4-phenethyl-l,2,5,6-tetr^ acid (f6) was

prepared by the similar procedure described in above Example 63 (See Table 13).
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[Table 13]

;©tamibal structure SllRa.speeteum lata-

:64

o

So.
2H); %26(t;

//=7;.r Hz,- 2EQ, :

:

2:59(m-. 4H)
;

, :

2;25(m, 2H|

m

8„16(4 J=&:.mz: %E)i,: ;?v42:(af
^p8i6H:?;

6; 35(t .^4 ;

3Hz,. 1B& 4j59<& . 2H) 3;.32(tV

MtUBsti 2H) 2..64r:2,53(inv4Bj;

i§

932(br^ IH^: 7;28V7,15(m:, 5% 6>28(t;

m$,, lH)i 3,6tf# j=7.'4
; 2Bj 'S.^fc 7=7.2,

mm&i M'iA 2Hj

67

7.,2S%i6:(ih
;

,5H) ,,'&;28M; t, l^j,, 5^%±6Q(,m,

IB}: Ml^. JNte.SSz, ;2% 3jl^26$n., 3^>

2:.63-2;.26(m, 73) :^.8Ek,;2H)

6?

7..256-7,138(m, f^,/6:33(br, < lHD,. 3.42(t,

JfS^jvSB):, 5;32(t, ^31,'2H); 2,63(6,

i^B^sS$.2£*ft j=2;4> 4H), £30i&

3=4X 2H), 1:6104, ..M.5. 4B3

Example 69. Preparation of 3-(l-benzyl-2-oxo-l,2,5,6-tetrahydro-pyridin-3-yl)-N-

5 pyridin-2-yl-propionamide (gl)

Pyridyl amine was added to organic solvent dissolving 30mg of 3-(l-benzyl-2-

oxo-l,2,5,6-tetrahydro-pyridin-3-yl)-propionic acid (0.12mM) in EDC. The resulting

10 compound was purified by Silica gel column chromatography with

methanol/chloroform (1:20) solvent mixture as an eluant to give 16 mg of the title

compound (gl) (yield : 39%).
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Example 70. Preparation of N-(2-amino-phenyl)-3-(l-benzyl-2-oxo-l,2 ?5,6

tetrahydro-pyridin-3-yl)-propionamide (g2)

40mg of 1,2-phenylenediamine (0.37 M), 77mg of EDC (0.4 M) and lmg of

DMAP (3 M%) were added to reaction solution dissolving 3-(l-benzyl-2-oxo-l,2,5,6-

tetrahydro-pyridin-3-yl)-propionic acid prepared by above Example 8 in 1ml of

10 methylene chloride under Argon atmosphere. After the mixture was stirred for 13 hrs

at room temperature, the resulting mixture was diluted with ethyl acetate and washed

with 10% NaOH solution (10 ml). Then the residue was extracted with 50ml of

chloroform, dried over anhydrous MgS04, filtered and concentrated in vacuo. The

resultant was purified by Silica gel column chromatography with a solvent mixture

15 mixed with methanol and chloroform (1:20) as an eluant to give 96 mg of N-(2-amino-

phenyl)-3-(l-benzyl-2-oxo-l,2,5,6-tetrahydro-py^ (g2) (yield :

91%).

'H-NMR (300 MHz, CDC13) 68.29 (s, 1H), 7.29-7.19 (m, 5H), 7.13 (d, 1H,

20 J=7.8Hz), 6.99-6.94 (m, 1H), 6.68 (t, 2H, J=7.9Hz), 6.37 (t, 1H, J=8.4Hz), 4.57 (t, 2H,

J=7.4Hz), 3.88 (s, 2H), 3.29-3.21 (m, 2H), 2.68 (t, 2H, J=6.5Hz), 2.59 (t, 2H, 6.5Hz),

2.26-2.217 (m, 2H)

Example 71. Preparation of N-(2-amino-phenyl)-3-[l-(2-methyl-benzyl)-2-oxo-

25 l,2,5,6-tetrahydro-pyridin-3-yl)-propionamide (g3)

N-(2-amino-phenyl)-3-[l-(2-methyl-benzyl)-2-oxo-l,2,5,6-tetrahydro-pyridin-3-

yl)-propionamide (g3) was prepared by the similar procedure described in above

Example 69 and 70 (See Table 14).

30 Example 72. Preparation of N-(2-amino-phenyl)-3-[l-(2-methyl-benzyl)-2-oxo-

1 ,2,5,6-tetrahydro-pyridin-3-yl)-propionamide (g4)

N-(2-amino-phenyl)-3 -[ 1 -(2-methyl-benzyl)-2-oxo- 1 ,2,5,6-tetrahydro-pyridin-3-

yl)-propionamide (g4) was prepared by the similar procedure described in above

Example 69 and 70 (See Table 14).

5
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[Table 14]

€hemi:qal sttuchtfe.

f1

72;
4y529(s;2H} 3$550% 3»{*$B&

2.22(da,2H^=7.4Hz)

5 Example 73. Preparation of N-benzyloxy-3-(2-oxo-l-phenethyl-l,25
5,6-tetrahydro-

pyridin-3-yl)-propionamide (g5)

Benzyloxyamine was added to organic solvent dissolving 30mg of 3-(l-benzyl-

10 2-oxo-l ,2,5,64etrahydro-pyridin-3-yl)-propionic acid (0.15mM) prepared by above

Example 12 in EDC. The resulting compound was purified by Silica gel column

chromatography with ethylacetate/chloroform (1:1) solvent mixture as an eluant to give

41 mg of N-benzyloxy-3-(2-oxo-l-phenethyl-l,2,5,6-telTahydro-pyridin-3-yl)-

propionamide (g5) (yield : 75%).

15

'H-NMR (300 MHz, CDC13) 67.41-7.15 (m, 1H), 6.34 (br t, 1H), 4.88 (s, 2H),

3.58 (t, ^7.4Hz, 2H), 3.16 (t, /=7.2Hz, 2H), 2.82 (t, /=7.2Hz, 2H), 2.53 (t, 7=6.8 Hz,

2H), 2.26 (br s, 1H), 2.19 (dd,/=11.4, 7.1Hz, 2H)
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Example 18. Preparation of 3-[l-(4-acetyIamino-benzyl)-2-oxo-l,2,5,6-tetrahydro-

pyridin-3-yI)-N-hydroxy-propionamide (jl)

Step L Preparation of 341-f4-amino-benzylV2-oxo4,2J,6-tetrahvdro-pvridin-3-vl]-

5 propionic acid methyl ester (h)

50mg of 3-[l-(2,4-dimethoxybenzyl)-2-oxo-l,2,5,64etrahydro-pyridin-3-yl]-

propionic acid methyl ester (d) (0.16 mM) prepared by the Step 3 of above Example 1

was dissolved in methanol solution at room temperature. Then 154mg ofZn (2.36mM)

and 0.01ml of acetic acid (0.16 mM) were added thereto and the mixture was stirred for

10 20 hrs at 80°C. The resulting compound was purified by Silica gel column

chromatography with a solvent mixture mixed with ethylacetate and hexane (1:1) as an

eluant to give 43 mg of 3-[l-(4-amino-benzyl)-2-oxo-l )2,5 564etrahydro-pyridin-3-yl]-

propionic acid methyl ester (h) (yield : 92%).

15
lH-NMR (300 MHz, CDC13) 5 8.22 (d, 1H, J^8.5Hz), 8.11 (d, 1H, J=8.4Hz),

7.37 (t, 2H, /=8.3Hz), 6.33 (t, 1H, J=43Uz), 4.66 (d, 2H, J=7.5Hz), 3.63 (s, 3H), 3.29 (t,

2H, J=6.6Hz), 2.63 (t, 2H, J=6.9Hz) 5 2.54 (t, 2H, >6.6Hz), 2.28 (t, 2H, y=4.2Hz)

Step 2. Preparation of 3-[l-(4"acetvlamino-benzvl)-2-oxo-L23,64eti^vdro-pvridin-3-

20 vD-propionic acid methyl ester (i)

17.5mg of 3-[l-(4-amino-benzyl)-2-oxo-l,2,5,64etrahydro-pyridin-3--yl]-

propionic acid methyl ester (h) prepared by above Step 1 was dissolved in methylene

chloride solution (0.06mM). And then 6 jil of (AcO)2O(0.07 mM), 0.01ml of

triethylamine (0.08mM) and l.Omg of DMAP (0.008mM) were added thereto and the

25 mixture was stirred for 3 hrs at 0°C. The reaction was stopped by adding methanol and

the mixture was extracted three times with 10ml of ethyl acetate. The organic layer was

washed with saturated NaCl solution, dried over anhydrous MgSC>4> filtered and

concentrated in vacuo. The resulting compound was purified with Silica gel column

chromatography with ethylacetate as an eluant to give 46 mg of 3-[l-(4-acetylamino-

30 benzyl)-2-oxo-l,2
35,64etrahydro-pyridin-3-yl)-propionic acid methyl ester (i) (yield :

44%).

!H-NMR (300 MHz, CDC13) 58.34 (s, 1H), 7.40 (d, 2H, ^=8.4Hz), 7.10 (d, 2H,

^=8.4Hz), 6.29 (t, 1H, J=4.2Hz), 4.50 (s, 2H), 3.61 (s, 3H), 3.22 (t, 2H, >7.1Hz), 2.59

(t, 2H, J=7.1Hz), 2.51 (d, 2H, J=6.6Hz), 2.22 (dd, 2H, J=6.9Hz), 2.09 (s, 3H)

35

Step 3. Preparation of 3-[l-f4-ace1ylamino-benzvl)-2-oxo4,2,5,6'tetrahvdrO"pvridin'-3-

vlVN-hvdroxv-'propionamide fil)
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3-[l-(4-acetylamino4>enzyl)-2-oxo4,2,5^

acid methyl ester (i) prepared by above Step 2 dissolved in organic solvent such as

5 methanol was reacted with amine salt to give 3-[l-(4-acetylamino-benzyl)-2-oxo-

1 ,2 ?
5,6-tetrahydro-pyridin-3-yl)-N-hydroxy-propionamide (j 1).

lH-NMR (300 MHz, CDC13) 6 7.50 (d /=8.0Hz 2H), 7.23 (d J=8.0Hz 2H),

6.44 (br 1 1H), 4.57 (S 2H), 3.33 (t, J=6.5Hz, 6H) 2.57 (br t, 2H) 2.30-2.26 (m, 4H) 2.10

10 (s,2H)

Example 75. Preparation of N-4-[5-(2-hydroxycarbamoyl-ethyl)-6-oxo-3,6-dihydro-

2-pyridin-l-yl-methyl]-phenyi-benzamide Q2)

N-4-[5-(24iydroxycarbamoyl-ethyl)-6-oxo-3,6-^^

15 phenyl-benzamide Q2) was prepared by the similar procedure described in above

Example 74 (See Table 1 5).

Example 76. Preparation of N-hydroxy-3-[lK4-dimethylsulfonylamino-benzyl)-2-

oxo-l,2,5,6-tetrahydro-pyridin-3-yl]-propionamide (j3)

20 N-hydroxy-3-[l-(4-dimethy^

pyridin-3-yl]-propionamide (j3) was prepared by the similar procedure described in

above Example 74 (See Table 15).

Example 77. Preparation of N-hydroxy-3-2-oxo-l-[4-(toluene-4-sulfonylamino)-

25 benzyl-l^ )
5,6-tetrahydro-pyridin-3-yl]-propionamide(j4)

N-hydroxy-3-2-oxo-l-[4<toluene-4-sulfonylamino)-beiizyl4,2,5,6-tetrahydro-

pyridin-3-yl]-propionamide (j4) was prepared by the similar procedure described in

above Example 74 (See Table 15),
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[Table 15]

Example,
t

Okeniieal: -.sttucfcure s.p.ectrum/<lat-a

75
2E) 7:59.^7^ 3EJ: 7.3G # fe^lp: 2Efc

6^5':' IS) &2H)r336

-255 &30^M*5Hb, 4H). .2,58 (br t,2H)

'16

S3* 7i24;;|4- j£=8;6Hz, 4H) £45; (6* t ; IE) 4;-58

(sfi E) 33k-3;29-' (m;
7S); 2?93 & 3Ej .2:57

(t-. 2E,. J=7;
If 2':34-2i4C m,

?.
4H)

'

•77

7.75 (4,. iP&GEz- 2E>, 7.31 (d, .^7.5Ez,2E 5

.

7;27^,2{^'4% 6/97 (t,^?}2Hz,lH):-4v^lt.

&.^5Hz, |47&.-4E) 3:3

(m,lH):

2.71-.264#m 15): ^^i:-^ (m.SE),.

2J2..(d,,JM:5H2, IE)

Example 78. Preparation of 3-[l-(4-acetylamino-benzy])-2-oxo-l,2,5,6-tetrahydro-

5 pyridin-3-yl]-propionic acid 0c)

3-[ 1 -(4-acetylamino-benzyl)-2-oxo- 1 ,2 ?5 56-tetrahydro-pyridin-3-yl]-propionic

acid methyl ester (i) prepared by above Step 2 of Example 18 dissolved in organic

10 solvent such as tetrahydrofurane was reacted with LiOH to give 3-[l-(4-acetylamino-

benzyl)-2-oxo-l ?2,5,6-tetrahydro-pyridin-3-yl]-propionic acid (k).

]H-NMR (300 MHz, CDC13) 6 7.50 (d J^=8.0Hz 2H), 7.23 (d J=8.6Hz 2H),

6.45 (t J-4.5HZ 1H), 4.58 (S 2H), 3.32 (t, 7=7.5Hz,3H) 2.57 (t, J=7.5Hz, 2H) 2.46 (t,

15 J=7.5Hz,2H)
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Example 79, Preparation of 3-[l-(4-benzoylamino-benzyl)-2-oxo-l,2,5,6-

tetrahydro-pyridin-3-yl]-propionic acid (k2)

3^1-(4-benzoylamino-benzyl^

acid (k2) was prepared by the similar procedure described in above Example 78 (See

5 Table 16).

Example 80. Preparation of 3-2-oxo-l-[4-(toluene-4-sulfonylamino>ben2yl]-2-oxo-

l,2,5,6-tetrahydro-pyridin-3-yl]-propionic acid (k3)

3-2-oxo4-[4<toluene^sulfonylamino)«benzyl]-2-oxo-l ,2,5,6-tetrahydro-

10 pyridin-3-yl]~propionic acid (k3)was prepared by the similar procedure described in

above Example 78 (See Table 16).

[Table 16]

.Example Gh.emioaL tstructure? JftStffe spectrum data

2B), 7;49-W 4H), 7; 1.9 f=Sv4H?. ?

2H). ..B.33 C4 jHWBfc,M 3,26 &
M;2Hz, 3H) !2;f^2.40 (m; 4H) 2.-24 (aB,v

7=i:i:.
:

5Hzi 3;5H2....2H)'

SO:

k^ji^
—'

—

2H), '3;2Q(br t;2EQ, 2;4j0-.|s, ,9H)

15

Example 81. Preparation of N-hydroxy-3-(2-oxo-l-phenethyl-piperidine-3-yl)-

propionamide (m)

Step 1. Preparation of ri-(2 <4-dimethoxv-ben2rylV2-oxo-Diperidiiie--3-vl1-acetic acid

20 methvl ester (I)

3_[ 1_(2,4-dimethoxybenzyl^

acid methyl ester was dissolved in alcohol solvent under nitrogen atmosphere. Then Pd-

C was added thereto, and the mixture was hydrogenated under a hydrogen balloon for 1

to 2 hrs at room temperature. The reaction mixture was filtered and concentrated in

25 vacuo. The resulting compound was purified with Silica gel column chromatography

with a solvent mixture mixed with EtOAc/hexane (1:1) as an eluant to give [l-(2,4-

dimethoxy-benzyl)-2-oxo-piperidine-3-yl]-acetic acid methyl ester (1) (yield : 74%).
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XH-NMR (300 MHz, CDC13) 8 7A3 (d, 1H, J=8.4Hz), 6.42 (d, 2H, J=7.2Hz),

4.51(ab, 2H, 7=32.9, 7.4Hz), 3.76 (s, 6H), 3.66(s, 3H), 3.24-3.1 8(m, 2H), 2.93-2.72(m,

5 2H), 2.56-2.43(m, 1H), 1 .98-1 .55(m, 4H)

Step 2. Preparation of N-hvdroxv-3-(2-oxo-l-phenethvl-piperidme-3-vlVpropionamide

£m)

[l-(2,4-dimethoxy-benzyl)-2-oxo-piperidine-3-yl]-acetic acid methyl ester (1)

prepared by above Step 1 was reacted with amine salt to give N-hydroxy-3-(2-oxo-l-

phenethyl-piperidine-3-yl)-propionamide (m).

15 ^-NMR (300 MHz, CDC13) 8 7.26-7.17 (m 5H), 3.61-3.44 (m 2H) 3.08-2.83

(m4H), 2.56-2.16 (m4H)

Example 82. Preparation of 2-[l-(2?4-dimethosy-bensyl)-2-oxo-l 92 ?
5?6-tetrahydro-

pyridin-3-yl]-N-hydroxy-acetamide (pi)

20

Step 1. Preparation of 3-fbenzvl-but-3-envl-carbamovlVbut-3-enoic acid methyl ester

(£)

2-Methylene-pentane dionate-5-methyl ester, EDC and DMAP were added to

reaction solution dissolving the but-3-enyl-(2,4-dimethoxybenzyl)amine (b) prepared by

25 above Step 1 of Example 1 in methylene chloride and the mixture was stirred for 5 hrs

at room temperature to give 3-(benzyl-but-3-enyl-carbamoyl)-but-3-enoic acid methyl

ester (n).

lH-NMR (300 MHz, CDC13) 8 7.30-7.19 (m, 5H), 5.69(br t, 1H), 5.23(s, 2H),

30 5.00(t, 2H, /=12.6Hz), 4.74(s, 2H), 3.61(s, 3H), 3.42(s, 4H), 2.30(q, 2H, J=7.2Hz)

Step 2. Preparation of ri-(2,4-dimethoxv-ben2rvlV2-oxo-L2.5,6-tetrahvdro-pvridin-3-

vll-acetic acid methyl ester (o)
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3-(benzyl-but-3-enyl-carbamoyl)-but-3-enoic acid methyl ester (n) prepared by

above Step 1 was added to the catalyst solution containing Grubb's (I) catalysis such as

ruthenium dissolved in organic solvent such as CH2C12 to give [l-(2,4-dimethoxy-

benzyl)-2-oxo-l,2,5,64etrahydro-pyridin-3-yl]-acetic acid methyl ester (o).

.5 'H-NMR (300 MHz, CDC13) 8 7.17 (d, 1H, 7=6.2Hz), 6.42-6.36 (m, 3H), 4.54

(s, 2H), 3.76 (d, 6H, J=3.0Hz), 3.66 (s, 3H), 3.35(t, 2H, 7=6.9), 3.28(s, 2H), 2.29(ab, 2H,

J=11.3,3.4Hz)

Step 3. Preparation of 2-fl-f2.4-dimethoxv-benzvlV2-oxo-1.2.5-fi-tetrabvdro-pvridin-3-

10 vll-N-hvdroxv-acetamide (vY)

[l-(2,4H3imemoxy-ben2yl)-2-oxo-l,2,5,6-tetrahydxo-pyridin-3-yl]-acetic acid

15 methyl ester (o) prepared by above Step 2 dissolved in alcohol solvent was reacted with

amine salt to give 2-[l-(2,4-mmemoxy-benzyl)-2-oxo-l,2,5,6-tetrahydro-pyridin-3-yl]-

N-hydroxy-acetamide (pi).

'H-NMR (300 MHz, CDCI3) 5 7.14 (d, J=8.7Hz, 1H), 6.54(br t, IH) 6.44 (d,

20 >6.0Hz, 2H), 4.55 (s, 2H), 3.78(s,6H), 3.41-3.32(m,2H), 3.20(s, 2H), 2.0 (d, ^4.5Hz,

2H)

Example 83. Preparation of 2-(l-benzyl-2-oxo-l,2,5,6-tetrahydro-pyridin-3-yl>N-

hydroxy-acetamide (p2)

25 2-(l-benzyl-2-oxo-l,2,5,64etrahydro-pyridin-3-yl)-N-hydroxy-acetamide (p2)

was prepared by the similar procedure described in above Example 82 (See Table 17).

Example 84. Preparation of N-hydroxy-2-[l-(4-nitro-benzyl)-2-oxo-l,2,5,6-

tetrahydro-pyridin-3-yl)-N-hydroxy-acetamide(p3)

30 N-hydroxy-2-[l-(4-mtro-benzyl)-2-oxo4,2,5,6-tetrahya^o-pyridin-3-yl)-N-

hydroxy-acetamide (p3) was prepared by the similar procedure described in above

Example 82 (See Table 17).
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Example 85. Preparation of N-hydroxy-2-[2-oxo-l-(3-phenyl-propyl)-l ,2,5,6-

tetrahydro-pyridin-3-yl]-N-hydroxy-acetamide (p4)

N-hydroxy-2-[2-oxo4-(3-phenyl-propyl)-^

hydroxy-acetamide (p4) was prepared by the similar procedure described in above

Example 82 (See Table 17).

Example 86. Preparation of N-hydroxy-2-[2-oxo-l-(4-phenyl-butyl)-l,2,5,6-

tetrahydro-pyridin-3-yl]-N-hydroxy-acetamide (p5)

N-hydroxy-2-[2-oxo- 1 -(4-phenyl-butyl)- 1 ,2 ,

5

?
6-tetrahydro-pyridin-3-yl]-N-

hydroxy-acetamide (p5) was prepared by the similar procedure described in above

Example 82 (See Table 17).

[Table 17]

Example .Gkemicat structure. 13MR spectrum, data

;
83

So
(m,.; 5H).» ».-5.8 (t,/=4,5Hz

?
JH)' 4:60

(3, 2H) 3:^r-3:3pCmv3H) ^20 $2H). 2/39&;30.

(m.,2H)

84

PI (d,. ,J=8:7Hz, IE); '7.4-4 j& J=8.7Hz> . 2ED)

6:63-.(i,.jM42E±v 1H>, 4.75 (s, 2H),, 3,41^,

7=6.5Hs
?
.;4H)> 243(ab,

;
/?=6.2Kz, 2H)

So
7^2;j(4 J=€5H*i 2E) 7,14Csv 3B)! 6.5l^r t,

IS) ;3;43-3:3'2 (m.
t5&); 3.11(s, IS) 259(s,2H}

2;l9^|Hj 1.84(s^2H)

m
M-7V13 (^5H)'i «:54$r t; 1H),

:

3v44-331

3-B(s, IH) 2..62"(ti^7
-

tHz,^,

2,34(s,2H):; 1,58ft MMz,. 4H);

Example 87. Preparation of [l-(2,4-dimethoxy-benzyl)-2-oxo-l^,5,6-tetrahydro-

pyridin-3-yl]-acetic acid (ql)
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[l-(2,4-dimethoxy-benzyl)-2-oxo4,2,5,6-tetrahydro-pyridin-3-yl]-acetic acid

methyl ester (o) prepared by the Step 2 of Example 26 dissolved in TFA was reacted

with LiOH to give [l-(2,4-dimemoxy-benzyl)-2-oxo-l,2 5
5,6-tetrahydro-pyridin-3-yl]-

5 acetic acid (ql).

'H-NMR (300 MHz, CDC13) 67.18 (d, /=8.7Hz, 1H), 6.54 (t, J=4.3Hz, 1H),

6.45 (d, J=6.6Hz, 2H), 4.60 (s,2H), 3.79(s, 6H) 3.39(t, J=7.3Hz, 2H), 3.34(s, 2H),

2.32(ab, J=l 1 .7Hz, 3 .6Hz, 2H)

10

Example 88. Preparation of (l-benzyl-2-oxo-l,2,5,6-tetrahydro-pyridin-3-yl)-acetic

acid (q2)

(l-benzyl-2-oxo-l,2,5,6-tetrahydro-pyridin-3-yl)-acetic acid (q2) was prepared

by the similar procedure described in above Example 87 (See Table 1 8).

15

Example 89. Preparation of (2-oxo-l-phenethyl-l,2,5,6-tetrahydro-pyridin-3-yl)-

acetic acid (q3)

(2-oxo-l-phenethyl4,2,5,64etrahydro-pyridin-3-yl)-acetic acid (q3) was

prepared by the similar procedure described in above Example 87 (See Table 1 8).

20

Example 90. Preparation of [2-oxo-l-(3-phenyl-propyl)-l,2,5,6-tetrahydro-pyridin-

3-yl)-acetic acid (q4)

[2-oxo-l -(3-phenyl-propyl)-l,2,5,6-tetrahydro-pyridin-3-yl)-acetic acid (q4) was

prepared by the similar procedure described in above Example 87 (See Table 1 8).

25

Example 91. Preparation of [2-oxo-l-(4-phenyl-butyl)-l,2,5,6-tetrahydro-pyridin-

3-yl)-acetic acid (q5)

[2-oxo-^(4-phenyl-butyl)-l,2,5,6-tetrahydro-pyridin-3-yl)-acetic acid (q5) was

prepared by the similar procedure described in above Example 87 (See Table 18).
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[Table 18]

Example
*

.!<3hemtcal structure- NMR' 'spectrum data-.

.88-

So
4;5? (s; :(d44!:/2az.,4H.);,

2,29 (ah, J=3 :

1.0Hs,; B&z; 2H)

8.9

1'3.1-7::18:^;5E^,- '&:53 & MSM>
161 (t,. 3~?Mz, ZB)< 330: &
3;23'(^=7:-2Hz> 2H) 2.90 & -^7.'2Hrj

90

OH
7i^7^$n^ &ft$f t> E&) 33%..

/=id§% '2^, 3:ii 2;?8^
?

ife£0fi£ 211) 2.14% M0:'8Hg, ill)

91
3:4% M7% 3,38(t, j=l.J£Lz,_

2H); 3:31. (s., 2SJ; 2,64(ti ^=7.1Hz, ;2HJ

2/37{ak, :/=6.3HzV.2H); 1V67-1- 58M4H)

Example 92. Preparation of 2-[l-(254-dimethoxy-bensyl)-2-oxo-piperidine-3-yl]-N-

5 hydroxy-acetamide (si)

Step 1, Preparation of ri-(2,4-dimethoxv-benzvlV2-oxo--piperidine-3"Vll--acetic acid

methyl ester (r)

26mg of [ 1 -(2 3
4-dimethoxy-benzyl)-2-oxo- 1 ,2,5,64etrahydro-pyridin-3-yl]-

10 acetic acid methyl ester(o) (0.08mM) was dissolved in methanol solution under Ar

atmosphere. 1.7mg of 10% Pd-C was added thereto and the mixture was hydrogenated

under a hydrogen balloon. The reaction mixture was stirred for 5 hrs at room

temperature, filtered and concentrated in vacuo. The resulting compound was purified

with Silica gel column chromatography to give 25mg of [l-(2,4-dimethoxy-benzyl)-2-

15 oxo-piperidine-3-yl]-acetic acid methyl ester (r) (yield : 99%).

lH-NMR (300 MHz, CDC13) 8 1.13 (d, J= 8.4 Hz, 2H) 5 6.41 (dd, J= 8.4 Hz,

2H), 6.41 (s, 1H), 4.51 (dd, J=32.7, 14.9 Hz, 2H), 3.76 (s, 6H), 3.66 (s, 3H), 3.22 (dd,

J= 7.5, 4.6Hz, 2H), 2.90 (dd, ,7=15.9, 5.1 Hz, 1H), 2.76 (m, 1H), 2.52 (dd, .7=16.2,

20 7.5Hz, 2H), 1.98-1.55 (m, 4H)
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Step 2. Preparation of 241-f24-dimethoxv-benzvlV2-oxo-T)iperidine-3-vlVN-hvdroxv-

acetamide (si)

2-[l~(2 ?
4-dimethoxy-benzyl)-2-oxo-piperidine-3-yl]-acetic acid methyl ester (r)

prepared by the Step 1 was reacted with amine salt to give [l-(2
5
4-dimethoxy-benzyl)-2-

oxo-piperidine-3-yl]-N-hydroxy-acetamide (si).

10
lH-NMR (300 MHz, CDCI3) 5 7.15(d, 7=9.0Hz3

lH) 5
6.46(t, ^4.65,2H), 4.56

(q, J=7.2Hz, 23.7Hz, 2H), 3.79(s, 6H), 3.31-3.19(m, 2H), 2.86-2.69(m, 2H), 2.41(d,

J=14.1Hz, 1H), 1.89-1.79 (m, 2H)

Example 93. Preparation of (2-oxo-l-pheuethyl-piperidine-3-yl)-N-hydroxy-

15 acetamide (s2)

(2-oxo-l-phenethyl-piperidine-3-yl)-acetic acid (s2) was prepared by the similar

procedure described in above Example 92 (See Table 19).

Example 94. Preparation of [2-oxo-l-(3-phenyl-propyl)-piperidine-3-yl]-N-

20 hydroxy-acetamide (§3)

[2-oxo-l-(3-phenyl-propyl>piperidine-3-yl]-acetic acid (s3) was prepared by the

similar procedure described in above Example 92 (See Table 19).

5

[Table 19]

Example ;Ghemital structure Hb&EL -spectrum iata

p. 0

25
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Example 95. Preparation of 4-[l-(4-methoxy-benzyl)-2-oxo-l,2,5,6-tetrahydro-

pyridin-3-yl]-N-hydroxy-butyIamide(vl)

5 Step 1. Preparation of 5-("(4-methoxv-benzvlVbut-3-envl-carbamovl')-hex-5-enoic acid

methyl ester (t)

2-Methylene-pentane dionate-5-methyl ester, EDC and DMAP were added to

reaction solution dissolving the but-3-enyl-(2,4-dimethoxybenzyl)amine (b) prepared by

above Step 1 of Example 1 in methylene chloride solution and the mixture was stirred

10 for 5 hrs at room temperature to give 5-[(4-methoxy-benzyl)-but-3-enyl-carbamoyl]-

hex-5-enoic acid methyl ester (t).

Step 2. Preparation of 4-[l-(4-methoxv-benzvl>2-oxo

butyric acid methyl ester (u)

15 5-[(4-methoxy-benzyl)-but-3-enyl-carbamoyl]-hex-5-enoic acid methyl ester (t)

prepared by above Step 1 was added to the catalyst solution containing Grubb's (I)

catalysis such as ruthenium dissolved in organic solvent such as CH2CI2 to give 4-[l-(4-

methoxy-benzyl)-2-oxo-l,2,5,6-tetrahydro-^ acid methyl ester (u).

20
lH-NMR (300 MHz, CDC13) 5 7.19(d, J=8.4Hz, 2H), 6.83(d, J=8.4Hz, 2H),

6.25 (t, J=4.2Hz, 1H), 4.54 (s, 2H), 3.77 (s, 3H), 3.65 (s, 3H), 3.25(t, J=6.9Hz, 2H) 2.33

(t, /-7.3Hz, 4H), 2.24 (q, J=4.5Hz, 2H), 1.80 (t, J=7.2Hz, 2H) 1.56(s, 2H)

Step 3. Preparation of 4-ri-r4-methoxy-benzvlV2-oxo-L2.5,64etrahvdro-pyridin-3-vll-

25 N-hvdroxv-butvlamide (vl)

4-[l-(4-methoxy-benzyl)-2-oxo-l,2,5,64elrahydro-pyridin-3"yl]-bu^ acid

30 methyl ester (u) prepared by Step 2 dissolved in alcohol solvent was reacted with amine

salt to give 4-[l-(4-methoxy-benzyl)-2-oxo-l^

butylamide (vl).
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^-NMR (300 MHz, CDC13) 5 7.19-7.15 (m,2H), 6.83 (d^/=7.8Hz, 2H), 6.28

(br t, 1H), 4.53 (s, 2H), 3.76 (s, 3H), 3.25(dt, JA=7.5Hz, JB=1.8Hz, 2H), 2.38-2.23 (m,
.

6H), 1.85-1.76 (m,2H)

5

Example 96. Preparation of 4-(l-ptaenethyl-2-oxo-l,2,5,6-tetrahydro-pyridin-3-yl)-

N-hydroxy-butylamide (v2)

4-(l-phenethyl-2-oxo-l,2,5,6-tetrahyd^o-pyri<iin-3-yl)-N-hydroxy-butylamide

(v2) was prepared by the similar procedure described in above Example 95 (See Table

10 20).

Example 97. Preparation of N-hydroxy-4-[2-oxo-l-(3-phenyl-propy!)-l,2,5,6-

tetrahydro-pyridin-3-yl]-butylamide (v3)

15 N-hydroxy-4-[2-oxo-l-(3-phenyl-propyl)-l,2,5,6-tetrahydro-pyridin-3-yl]-

butylamide (v3) was prepared by the similar procedure described in above Example 95

(See Table 20).

Example 98. Preparation of N-hydroxy-4-[2-oxo-l-(3-phenyl-butyl>-l,255,6-

20 tetrahydro-pyridin-3-yl]-butylamide (v4)

N-hydroxy-4-[2-oxo-l-(3-phenyl-butyl)-l,2,5,6-tetrahydro-pyridin-3-yl]-

butylamide (v4) was prepared by the similar procedure described in above Example 95

(See Table 20).
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[Table 20]

Example^ (Stiemtcal .sfeu&tare" • O&fcifEt spectrum data.

96
/=6.;9Hz,- 2£L SSWft ./=7.2Hz,. :2Hj,

97

an 7 29^17fffi;'5@> 6 32fbr fclB) ~ 3'46
'

(tJ=13mvZI£),. 3:35; &?.JN5$Bfe 2H>, 2.63

^=7.;6Hzv 2H), 2,37^28tin, $H), l,9'9.-.ii73

.Cm, 5H5;

98

7a'9^:.l.-5(mv#H), .63%r 3:45

jjj^&fc'SHJ;. 3.32? (trJi7,iHz, 2% 2'64

& J^fr&i 2^/2)27|i ^2^i 6^), .1..6:6

Example 99. Preparation of 3-(2-oxo-l,2,5,6-tetrahydro-pyridin-3-yl)-propionic

5 acid (g)

HO

50mg of 341-(2,4-dimethoxybenzyl)-2-oxo4,2,5,64etrahydro^

acid (0.157 mM) was dissolved in 1 ml of trifluoroacetic acid solution. Then 0.074ml of

10 triethyl silane (0.465 mmol) was added thereto and the mixture was heated for 20 min at

80°C. The solvent was removed in vacuo and the remaining residue was recrystalized

with mixture solution of methanol and ethylacetate to give 13mg of 3-(2-oxo-l,2,5,6-

tetrahydro-pyridin-3-yl)-propionic acid (g) (yield : 50%).

15 ^-NMR (300 MHz,CD3OD), 5 6.51(m, 1H), 3.31(m, 2H), 2.50(m, 4H),

2.32(m,2H)
13C-NMR (75 MHz, CD3OD), 5 176.7, 168.6, 138.4, 134.5, 40.3, 34.1, 27.1,

25.0

20
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Example 100, Preparation of N-Benzyloxy-3-(2-oxo-l ?
2,5,6-tetrahydro-pyridin-3-

yl)-propionamide (h)

H

29mg of 3-(2-oxo-l,2,5,6-tetrahydro-pyridin-3-yl)-propionic acid (g) was

5 dissolved in 0.5 ml ofDMF solution (0. 171mM). 30mg ofBnONH2-HCl (0.188 mM),

0.033ml of diisopropyl methylamine (0.189 mM), 43mg ofEDC (0.224 mM) and 5mg

of DMAP (0.041 mM) were added thereto and the mixture was stirred for overnight at

room temperature. The mixture was diluted with 7 ml of ethyl acetate and washed

with 5% HC1 (1 ml) and 1ml of sat. NaHC03 solution. The organic layer was dried

10 over anhydrous MgS04, filtered and concentrated in vacuo. The resulting compound

was purified by column chromatography on Silica gel with methanol/chloroform (1:20)

solvent mixture as an eluant to give 126 mg of the title compound (h) (yield : 55%).

'H-NMR (300 MHz, CDC13) 5 9.28(s, br, 1H), 7.35(m, 5H), 6.45(s, br, 1H),

15 5.70(s, br, 1H), 4.87(s, 2H), 3.47(s, br, 2H), 2.53(m, 2H), 2.27(m, 4H)

13C-NMR (75 MHz, CDCI3) 8 170.1, 166.9, 137.8, 135.6, 133.0, 129.1, 128.5,

78.0, 39.7, 32.8, 26.9, 24.1

Example 101. Preparation of 3-(l-AllyI-2-oxo-l,2,5,6-tetrahydro-pyridm-3-yl)-N-

20 hydroxy-propionamide (jl)

Step 1. Preparation of 3-(2K)xo-1.2.5.6-tehahvdro-pvridin-3-vlVpropionic acid methyl

ester (f)

3 lOmg of 3-[lK2,4-mmethoxybenzyl)-2-oxo-l,2,5,6-tetrahydro-pyridin-3-yl]-

25 propionic acid methyl ester (d) (0.93 mM) was dissolved in 3 ml of trifluoroacetic acid

solution. Then 0.222ml of triethyl silane (1.395 mmol) was added thereto and the

mixture was heated for 20 min at 80°C. The solvent was removed in vacuo and the

remaining residue was diluted in 20ml of chloroform. The organic layer was washed

with 5ml of sat. NaHC03 solution and 5ml of sat. NaCl solution. Then the organic

30 layer was dried over anhydrous MgSO-t, filtered and concentrated in vacuo. The

resulting compound was purified by column chromatography on Silica gel with EtOAc

solvent as an eluant to give 126mg ofthe title compound (f) (yield : 55%).
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!H-NMR (300 MHz, CDC13) 56.64(s, br3 1H), 6.35(t, J=3.0 Hz, 1H), 3.59(s,

3H), 3.31(m, 2H), 2.48(m, 4H), 2.26(m, 2H)
13C-NMR (75 MHz, CDC13) 6173.4, 166.8, 136.1, 133.5, 51.4, 39.5, 33.1, 26.0,

24.0

5

Step 2. Preparation of 3-fl-allvl-2-oxo-L2,5,6-tetrahvdro-pvridin-3-vlVpropionic acid

methyl ester fin

0,220ml ofNaHMDS solution (1.0 M in THF, 0.22 mM) was added to 0.5ml of

the THF solution containing 40mg of 3-(2-oxo-l,2,5,6-tetrahydro-pyridin-3-yl)-

10 propionic acid methyl ester (0.218 mM) prepared by the Step 1 in a dropwise manner at

-79 °C and stirred at -79 °C for 30 mins. After 0.028ml of allyl bromide (0.327 mM)
was added to the reaction mixture, the mixture was stirred at 0 °C for 3 hrs. The

reaction mixture was quenched by 2ml of sat. NH4C1 solution and then the organic layer

was extracted with 7ml of ethyl acetate. The combined organic layer was washed with

15 2ml of sat. NH4CI solution and 2ml of sat. NaCl solution. Then the organic layer was

dried over anhydrous MgS04, filtered and concentrated in vacuo. The resulting

compound was purified by column chromatography on Silica gel with EtOAc/hexane

(1:2) solvent mixture as an eluant to give 36mg of the title compound (il) (yield : 74%).

20
!H-NMR (300 MHz, CDC13) 5 6.28(m, 1H), 5.74(m, 1H), 5.14(m, 2H), 3.99(d,

/=5.7 Hz 2H), 3.61(s, 3H), 3.27(t, 7=6.9 Hz, 2H), 2.51(m, 4H), 2.27(m, 2H)
13C-NMR (75 MHz, CDCI3) 5 173.6, 164.6, 134.3, 134.1, 133.3, 117.1, 51.4,

49.0, 44.6, 33.3,26.6, 23.8

25 Step 3. Preparation of 3-fl-allvl-2-oxo4,2.5,6-tetTahvdro-n\ddin-3-vlVN-hvdroxv-

propionamidefiD

30 24mg of 3-(l-aUyl-2-oxo-l,2,5,6-tetrahydro-pyridin-3-yl)-propionic acid methyl

ester (il) prepared from the above Step 2 was dissolved in methanol solution (0.11 mM)
and then 0.122ml of 1.7M NH2OK suspension solution (0.207 mM) was added thereto
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at 0°C and stirred for 3 hrs at room temperature. The resulting mixture was neutralized

with 0.02 ml of acetic acid, diluted with 10 ml of ethyl acetate solution, filtered and

concentrated in vacuo. The resulting compound was purified by column

chromatography on Silica gel with methanol/chloroform (1:10) solvent mixture as an

5 eluant to give 1 1 mg of the title compound (j 1) (yield : 48%).

XH-NMR (300 MHz, CDC13) : 66.39(br t, 1H), 5.78-5.67(m, 1H), 5.17(d,

,7=5.4 Hz, 1H), 5.12(s, 1H), 3.98(d, /=5.4 Hz, 2H), 3.30(t, .7=7.0 Hz, 2H), 2.54-2.28 (m,

6H)

10

Example 102. Preparation of N-hydroxy-3-(l-methyI-2-oxo-l,2,5 5
6-tetrahydro-

pyridin-3-yl)-propionamide (j2)

Step 1. Preparation of 3-q-methvl-2-oxo-L2.5.64etr^^

15 acid methyl ester (12)

0.22ml of 1.0M NaHMDS solution in THF (0.22 mM) was added to 0.5ml of

THF solution containing 80mg 3-(2-oxo-l,2,5,6-tetrahydro-pyridin-3-yl)-propionic acid

methyl ester (f) prepared from the step 1 in Example 3 (0.44 mM) in a dropwise manner

at -79 °C and then stirred for 30 min. After 0.48ml of methyl bromide (0.48 mM) was

20 added to the reaction mixture, the solution was stirred at 0 °C for 3 hrs. The reaction

mixture was quenched by 2ml of sat. NH4CI solution and then the organic layer was

extracted with ethyl acetate (7 ml). The combined organic layer was washed with 2ml of

sat. NH4CI solution (2 ml) and 2ml of sat. NaCl solution subsequently. Then the

organic layer was dried over anhydrous MgSC>4, filtered and concentrated in vacuo.

25 The resulting compound was purified by column chromatography on Silica gel with

EtOAc solvent as an eluant to give 62mg of the title compound (i2) (yield : 72%).

Step 2. Preparation of N-hvdroxv-3-a-meth^

propionamide (i2)

o

50mg of 3-(l-methyl-2K)xo4 3
2,5,64etrahydro-pyridin-3-yl)-propionic acid

methyl ester prepared from the above Step 1 was dissolved in methanol (0.25 mM)
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and then 0.122ml of 1.7M NH2OK suspension solution in methanol (0.207 mM) was

added thereto at 0°C and the resulting mixture was stirred for 3 hrs at room temperature.

The resulting mixture was neutralized with 0.02 ml of acetic acid, diluted with 10 ml of

ethyl acetate, filtered and concentrated in vacuo. The resulting compound was purified

5 by column chromatography on Silica gel with methanol/chloroform (1:20) solvent

mixture as an eluant to give 19 mg of the title compound (j2) (yield : 35%).

1H-NMR (300 MHz, CD3OD) 8 6.15(t, J=4.3 Hz, 1H), 3.41(t, J=7.2 Hz, 2H),

2.97(s, 3H), 2.51(t, .7=7.5 Hz, 2H), 2.35(m, 2H), 2.22(t, /=7.5 Hz, 2H)

10

Example 103. Preparation of N-hydroxy-3»(l-(naphthalene-2-yl-methyl)-2-oxo-

l,2,5,6«tetrahydro-pyridiii-3-yl>propionamide

70mg of 341-(Naphthyl-2-yl)me%

propionic acid metliyl ester was dissolved in methanol solution (0.22 mM) and then

15 0.64ml of 1.7M NH2OK suspension in methanol (1.08 mM) was added thereto at 0°C

and the resulting mixture was stirred for 5 hrs at room temperature. The resulting

mixture was neutralized with 0.02 ml of acetic acid and concentrated in vacuo. The

resulting solid was filtered with 10% methanol/chloroform solvent mixture and

concentrated in vacuo. The resulting compound was purified by column

20 chromatography on Silica gel with methanol/chloroform (1:9) solvent mixture as an

eluant to give 61 mg ofthe title compound (See Table 21) (yield : 95%).

Example 104. Preparation of N-hydroxy-3-[2-oxo-l-(2-thiophen-2-yl-ethyl)-l 92,5 ?
6-

tetrahydro-pyridin-3-yI]-propionamide

25 60mg of 3-[2-oxo-l<2-tWophen-2-yl)ethyl-l,2,5,6-tetrahydro-pyridin-^

propionic acid methyl ester was dissolved in methanol to be 0.20 mM solution and then

0.6ml of 1.7M NH2OK suspension solution in methanol (1.02 mM) was added thereto at

0°C and the resulting mixture was stirred for 5 hrs at room temperature. The resulting

mixture was neutralized with 0.02 ml of acetic acid and concentrated in vacuo. The

30 resulting solid was filtered with 10% methanol/chloroform solvent mixture and

concentrated in vacuo. The resulting compound was purified by column

chromatography on Silica gel with methanol/chloroform (1:9) solvent mixture as an

eluant to give 44 mg ofthe title compound (See Table 21) (yield : 73%).

35
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[Table 21]

Example,;

103.

JO:

.H. 1

Wi<$M (oi-.i-H);

:1% 5.G1 3,15

Qq„ :tf^,» ±12, .
^vrlp^.y" ^><uij,

2g&.&.m 2,0$ (s,.,m

T04

lA\ ($; £4%Bz, 1% 6.89 ft

^3,5% if5; m,&
Cb^t.lH); (?ri

?
..2H); 3,22

QMHti9$W.V& 3-
:p943J0.4,i(m,.

Example 105. Preparation of S-a-Benzyl-Z-oxo-Z^^J-tetrahydro-lH-azepin-S-yO-N-

5 hydroxy-propionamide (el)

Step 1. Preparation ofBenzyl-pent-4-envl-amine (b)

0.397ml of 5-Bromo-l-pentene (3.35 mmol) and 0.67 ml of diisopropyl

ethylamine (3.96 mmol) were added to the reaction solution containing 0.74ml of

10 benzylamine(a) (4.93 mmol) dissolved in acetonitrile with stirring and the mixture was

stirred at room temperature for overnight. The reaction mixture was washed with

saturated NaCl solution, dried over MgS04 , filtered and concentrated in vacuo. The

resulting compound was purified with Silica gel column chromatography with EtOAc

solvent as an eluant to give 236mg ofthe pure title compound (b) (yield: 44%).

15

^-NMR (300 MHz, CDC13) 5 7.35-7.24(m,5H), 5.92-5.78 (m,lH), 5.09-4.98

(m,2H), 3.80 (s, 2H), 2.67(t, >7.5Hz,), 2.14 (q, J=7.5Hz,2H), 1.69-1.59 (m, 2H), 1.41

(br,lH)

20 Step 2. Preparation of Preparation of 4-fBenzvl-pent-4-envl-carbamovlVt)ent-4-enoic

acid methvl ester (c)

320 mg of 2-methylene-pentane dionate-5-methyl ester (2.02 mmol), 340 mg

of EDC (2.02 mmol) and 50mg of DMAP (0.405 mmol) were added to 0.5 M of

reaction solution dissolving the compound (b) prepared by above step 1 in methylene

25 chloride and the mixture was stirred for 5 hrs at room temperature. The resulting
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mixture was diluted with ethyl acetate, and washed with 5% HC1 solution (10 ml) and

10 ml of saturated NaHCC>3 solution to separate into an organic layer and water layer.

The organic layer was dried over anhydrous MgS04, filtered and concentrated in vacuo.

The resultant was purified by Silica gel column chromatography with a solvent mixture

5 mixed with EtOAc and hexanes (1:2) as an eluant to give 150mg of 4-[but-3-enyl-(2,4-

dimethoxybenzyl)-carbamoyl]-pent-4-enoic acid methyl ester (c) (yield : 35%).

]H-NMR (300 MHz, CDC13) 5 7.31-7.14 (m,5H), 5.81-5.64 (m,lH) 5.12 (s,lH),

5.04-4.97 (m,3H), 3.65 (s ,2H), 3.56-3.46 (m,3H), 3.42-3.36 (m,lH), 3.33-3.31(m,lH),

10 2.85(d,J=3Hz, 2H), 2.65-2.45 (m, 4H), 2.07-2.01(m, 2H), 1.69-1.59(m, 2H)

Step 3. 3-ri-Benzvl-2-oxo-2,5,6J-tetrahvdro-lH-azepin-3-vlVpror>ionic acid methvl

ester (d)

150 mg of the compound (c) (0.476 mmol) prepared by the above Step 2 was

15 added to the catalyst solution containing 40 mg ofruthenium (0.047 mmol) dissolved in

CH2C12 . Then the mixture was stirred for 24 hrs at room temperature, filtered and

concentrated in vacuo. ' The resultant was purified by Silica gel column

chromatography with methanol/chloroform (1:10) solvent mixture as an eluant to give

108 mg of the title compound (d) (yield : 79%).

20

!H-NMR (300 MHz, CDCI3) 8 7.28-7.26 (m, 5H), 5.99-5.94 (m, 1H), 4.63(s,2H),

3.60 (S, 2H), 3.21(t, J=6Hz 2H), 2.65(t, J=7.2Hz,2H), 2.48(t, JM5.9Hz,2H), 2.08-2.01

(m,2H),1.67-1.57(m,2H)

25 Step 4. Preparation of 3-fl-Benzvl-2-oxo-2,5.6.7-tetrahvdro-lH-azepin-3-vD-N-

hvdroxv-propionamide (el)

108 mg of compound (d) prepared by the above Step 3 was dissolved in

methanol solution (0.376 mmol) and then 1,7 M methanolic suspension solution

containing NH2OK (1.315 ml, 2.63 mmol) was added thereto at 0°C and the resulting

30 mixture was stirred for 3 hrs at room temperature. The resulting mixture was

neutralized with 0.02 ml of acetic acid, diluted with 10 ml of ethyl acetate solution,

filtered and concentrated in vacuo. The resulting compound was purified by column

chromatography on Silica gel with methanol/chloroform (1:10) solvent mixture as an

eluant to give 46 mg ofthe title compound (el) (yield: 43%).

35
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'H-NMR (300 MHz,CDCl3) 67.28-7.24 (m,5H), 6.20-6.02 (m,2H), 4.65 (s,2H),

3.26(d,J=3Hz,2H), 2.66-2.52 (m, 4H), 2.08-2.05(m,2H), 1.65-1.64(m,2H)

Example 106. Preparation of N-Hydroxy-3-[2-oxo-l-(3-phenyl-ethyl)-2,5,6,7-

5 tetrahydro-lH-azepin-3-yl]-propionamide (2e)

N-Hydroxy-3-[2-oxo-l-(4-phenylethyl)-2,5,6,7-tetrahydro-lH-azepin-3-yl]-

propionamide (2e) was prepared by the similar procedure described in above Example

105 (See Table 22).

10 Example 107. Preparation of N-Hydroxy-3-[2-oxo-l-(3-phenyl-propyl)-2,5,6,7-

tetrahydro-lH-azepin-3-yl]-propionamide(3e)

N-HydroxyO-[2-oxo-l-(3-phenyl-propyl)-2,5,6,7-tetrahydro-lH-azepin-3-yl]-

propionamide (3e) was prepared by the similar procedure described in above Example

105 (See Table 22).

15

Example 108. Preparation of N-Hydroxy-3-[2-oxo-l-(4-phenyl-butyl>2,5,6,7-

tetrahydro-lH-azepin-3-yl]-propionamide(4e)

N-Hydroxy-3-[2-oxo-l-(4-phenyl-butyl)-2,5,6J-tetrahy(ho-lH-azepin-3-yl]-

propionamide (4e) was prepared by the similar procedure described in above Example

20 105 (See Table 22).

[Table 22]

Example Chemical Structure NMR Spectral data

106

HN

7.3-7.20 (m,5H). 6.05 (t,J=6Hz,lH),

3.70 (t, J=6Hz, 2H),

3.17,(U=6Hz,2H), 2.89(t,J=6Hz,2H),

2.58-2.35(m,4H), 2.00 (t,J=6Hz,2H),

1.74(t.J=6Hz,2H)
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107

7.31-7.12 (m, 5H), 6.11-6.05 (m,lH),

3.50 (br,2H) 3.25(br,2H), 2.76-2.47 (m,

6H), 2.17-2.09 (br,2H), 1.91-1.88

(br,2H)

108

pH
HN

7.27-7.13 (m,5H), 6.07-6.05 (m.lH),

3.44(br, 2H), 3.22(br, 2H), 2.62-

2.43(m,6H), 2.09-2.07(br,2H), 1.84-

1.82(br. 2H), 1.65-1.55(br,4H)

Experimental Example 1. Effect of the compound of the present invention on

HDAC
To test the inhibiting effect of the compounds prepared from above Examples 1

5 to 108 on histone deacetylase (HDAC), HDAC Flurescent Activity Assay/Drug

Discovery Kit (Biomol, USA) was used with nuclear extracts of HeLa cell as a HDAC
source. Fluorogenic Histone Deacetylase Lysyl Substrate was used as substrate for

HDAC and the test is based on the fact that the removal of acetyl group by HDAC
activity causes the substrate to occur emmition wavelength in the ranging from 360 nm

10 to 460 nm.

Various concentrations of the compounds of the present invention ranging from

0.01 to 10 (iM were reacted with HDAC enzyme at 25°C for 20 minutes and equal

volume of developer was added thereto. The fluorescence signal was detected at the

wavelength in the range 350 to 460nm using by fluorescence spectrometer. IC50 value is

15 defined as the concentration of the sample required to reduce the maximum

fluorescence to a half and the result was shown in Table 2.

As shown in Table 2, it was confirmed that compounds of the present invention

showed potent inhibiting effect on the activity ofHDAC enzyme.

20 Experimental Example 2. Effect of the compound of the present invention on the

tumor cell growth

PC-3 cells (ATCC, US), human prostatic carcinoma cell line, were cultured in

RMPI 1640 supplemented with 10% fetal bovine serum.

Appropriate concentrations of cells (5xl0
4

cells/ml) cultured in RMPI 1640

25 supplemented with 5% fetal bovine serum were poured into 96-well plate and incubated
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at 37°C in 5% C02 condition. The day after the incubation, PC-3 cells were fixed on

Time zero (T0) plate by adding 50 nl/well of 50% trichloroacetic acid and the cell

concentration was set to zero point by fixing the cells. In the cells treated with test

samples, 50% TCA was added to each wells in 50ul/well after 48 hrs to fix the cells.

5 The final concentration of adding test compounds were 0.01, 0.03, 0.1, 0.3, 1 [ig/ml

respectively. Then, each fixed plate was washed, dried and 100 jal/well of 0.4% reaction

solution containing sulforhodamine B (SRB) reagent dissolved in 0.1% acetic acid was

added thereto to stain the cells. 30 minutes later, the cell was washed with 0. 1% acetic

acid, dried at room temperature, and 10 mM of TRIS base (pH 10.5) was added thereto

10 to dissolve the staining agent. Finally, the absorbance detected at 540 nm was measured

and the value was conversed into percentage comparing with that of control group. IC50

(fig/mi), the concentration of the group required to inhibit the cancer cell growth by

50%, was calculated from the data (AA : IC5o's < 1, A : ICso's < 5, B: KVs < 10 and C :

IC50 's > 10). Also, the inhibiting activity of cell growth was expressed as various

15 symbols in accordance with the potency of examples e.g., AA: closely equivalent (1-2

times), A: slightly weaker (3-5 times), B: weaker (5-10 times), C: very weaker (more

than 10 times) than that of adriamycin used as a positive control group. The result was

shown in Table 23.

20 As shown in Table 23, it was confirmed that compounds of the present invention

inhibited HDAC directly and showed potent inhibiting effect on the activity of cancer

cell growth, especially, PC-3 cancer cell.

25

30

35
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[Table 23]

Example
HDAC

inhibition

Cell growth

inhibition
Example

HDAC

inhibition

Cell growth

inhibition

1 AA A 31 A A
2 AA 32 A A

3 AA AA 33 A A

4 AAA A 34 A

5 C 35 A

6 AA B 36 A

7 AA A 37 A

8 AA A 38 A

9 C A 39 A

10 AA 40 A
11 AA 41 B

12 AA AA 42 AA

13 AA A 43 A
14 A B 44 B

15 45 B

16 C C 46 B

17 C C 47

18 B 48

19 B 49 AA A
20

!
C C 50 A AA

21 C C 51 A C

22 C C 52

23 C C 53 AA

24 C C 54 C A

25 C C 55 AA AA

26 C C 56 AA AAA

27 C C 57 AA AA

28 A 58 AA B

29 A 59 AA B

30 A 60 AA B
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Example
HDAC

inhibition

Cell growth

inhibition

Example
HDAC

inhibition

Cell growth

inhibition

61 AA AA 85 C

62 AA AA 86 C c

63 C C 87 C

64 C C 88 C

65 c C 89 c

66 c C 90 c

67 c C 91 c

68 c C 92 c c

69 c C 93 c

70 c 94 c

71 c 95 c c

72 c 96 c

73 c C 97 A

74 AA C 98 A

75 AA B 99 c

76 A C 100 c

77 AA A 101 . c C

78 C 102 c c

79 c 103 c B

80 c 104 c B

81 A C 105 c C

82 C C 106 c C

83 C C 107 c C

84 C 108 c C

Experimental Example 3. Toxicity test

Methods

The acute toxicity tests on ICR mice (mean body weight 25±5g) and Sprague-

Dawley rats (235±10g, Jung-Ang Lab Animal Inc.) were performed using the
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compounds of example 80. Four group consisting of 10 mice or rats was administrated

orally with 4mg/kg, 40mg/kg, 400mg/kg and 4,000mg/kg of test sample or solvents (0.2

m&9 i.p.) respectively and observed for 2 weeks.

5 Results

There were no treatment-related effects on mortality, clinical signs, body weight

changes and gross findings in any group or either gender. These results suggested that

the extract prepared in the present invention were potent and safe.

10 Hereinafter, the formulating methods and kinds of excipients will be described,

but the present invention is not limited to them. The representative preparation examples

were described as follows.

15

20

Preparation ofpowder

the compounds of example 80 5Qmg

Lactose lOOmg

Talc lOmg

Powder preparation was prepared by mixing above components and filling sealed

package.

Preparation oftablet

the compounds of example 80 50mg

Cornstarch lOOmg

Lactose lOOmg

25 Magnesium Stearate 2mg

Tablet preparation was prepared by mixing above components and entabletting.

Preparation of capsule

the compounds ofexample 80 50mg

30 Corn starch lOOmg

Lactose lOOmg

Magnesium Stearate 2mg

Tablet preparation was prepared by mixing above components and filling gelatin

capsule by conventional gelatin preparation method,

35

Preparation of injection

the compounds of example 80 50mg
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Distilled water for injection optimum amount

PH controller optimum amount

Injection preparation was prepared by dissolving active component, controlling pH

to about 7.5 and then filling all the components in 2 ml ample and sterilizing by

5 conventional injection preparation method.

Preparation of liquid

the compounds of example 80 0.l~80g

Sugar 5~10g

10 Citric acid 0.05-0.3%

Caramel 0.005-0.02%

Vitamin C 0.1-1%

Distilled water 79-94%

C02 gas 0.5-0.82%

15 Liquid preparation was prepared by dissolving active component, filling all the

components and sterilizing by conventional liquid preparation method.

The invention being thus described, it will be obvious that the same may be

varied in many ways. Such variations are not to be regarded as a departure from the

20 spirit and scope of the present invention, and all such modifications as would be

obvious to one skilled in the art are intended to be included within the scope of the

following claims.

INDUSTRIAL APPLICABILITY

25 As described in the present invention, the 2-oxo-cyclic compound of the present

invention have potent anti-cancer activity, therefore, it can be used as the therapeutics

for treating and preventing the cancer disease comprising lung cancer, bone cancer,

pancreatic cancer, skin cancer, cancer of the head and neck, cutaneous or intraocular

melanoma, uterine cancer, ovarian cancer, rectal cancer or cancer of the anal region,

30 stomach cancer, colon cancer, breast cancer, gynecologic tumors, Hodgkin's disease,

cancer of the esophagus, cancer of the small intestine, cancer of the endocrine system,

sarcomas of soft tissues, cancer of the urethra, cancer of the penis, prostate cancer,

chronic or acute leukemia, solid tumors of childhood, lymphocytic lymphonas, cancer

of the bladder, cancer of the kidney or ureter, or neoplasms of the central nervous

35 system.
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What is claimed is;

1 . A use of a compound represented by the following general formula (I), and the

pharmaceutical^ acceptable salt or the isomer thereof for the preparation of

5 pharmaceutical composition to treat and prevent cancer diseases:

(CH2)p

00

wherein

or10 X is a hydroxyl group, -NHOH, -NHOCH2Ph,

A is an hydrogen, Al group or ^—/J m
(A2),

Al is a lower alkyl, lower alkenyl, lower alkynyl, lower allyl group having CI to

C5 carbon atoms, a heterocyclic group or aromatic aryl group, preferably, the group

selected from thiopenyl group, naphtyl group, pyrrolyl group, furyl group and biphenyl

15 group, wherein the Y in A2 substituted is a lower alkyl group, lower alkoxy group, nitro,

halogen, amine, acetamide, carbonamide or sulfonamide group, M is a lower alkyl

group or phenyl group substituted with R\ of which R' is a hydrogen, lower alkyl or

lower alkoxy group, m and r is independently an integer of 1 to 5 respectively;

20 p is an integer of 0, 1 or 2;

n is an integer of 1 to 5;

dotted line (~) means single bond or double bond.

2. A use of a compound represented by the following general formula (II), and the

25 pharmaceutical^ acceptable salt or the isomer thereof for the preparation of

pharmaceutical composition to treat and prevent cancer diseases:
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X is a hydroxyl group, -NHOH, -NHOCH2Ph,

5 Y is a lower alkyl group, lower alkoxy group, nitro, halogen, amine, acetamide,

carbonamide or sulfonamide group;

M is a lower alkyl group or phenyl group substituted with R\ of which R5

is a

hydrogen, lower alkyl or lower alkoxy group;

m and r is independently an integer of 1 to 5 respectively;

n is an integer of 1 to 5;

dotted line (~) means single bond or double bond.

3. The use according to claim 2, wherein said compound is one selected from the

group consisting of;

3-[ i -(2 5
4-Dimethoxybenzyl)-2-oxo-2,5-dihycho-lH-pyrrol-3-yl]-N-

hydroxypropionamide,

3<l-benzyl-2-oxo-2,5-dihy<iro4H^^

N-hydroxy-3-(2-oxo-l-phene1hy^^

N-hydroxy-3-[2-oxo-l-(3-phenyl-propy^

N-hydroxy-342-oxo4-(4-phenyl^

N-hydroxy-3-[l-(2-methyl-ben^

N-hydroxy-3-[H3-methyl-bei^^

N-hydroxy-3-[H4-mefhyl-ben^

N-hydroxy-3-[l-(2-methoxy-benz

propionamide,

N-hydroxy-3 -[ 1 -(3-methoxy-benzyl)-2-oxo-2,5-dihydro- lH-pyrrol-3-yl]-

propionamide,

N-hydroxy-3-[l-(4-methoxy-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]-
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propionamide,

3-[l-(4-bromo-bei3zyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]- N-hydroxy-

propionamide,

3-[l-(4-chloro-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]- N-hydroxy-propionamide,

5 3-[l-(4-benzyloxy-benzyl)-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]- N-hydroxy-

propionamide,

N-hydroxy-3-[l-(4-nitro-benzyl)-2-oxo^

3-[ 1 -(2 54-dimethoxy-benzyl)-2-oxo-2,5-dihydro- lH-pyrrol-3-yl]-propionic acid,

3-(l -benzyl-2-oxo-2,5-dihydro- lH-pyrrol-3-yl)-propionic acid,

10 N-{4-[3-(2-hydroxycarbamoyl-ethyl)-2-oxo^

phenyl}-benzamide,

N-hydroxy-3- {2-oxo-l -[4-(toluene-4-sulfonylamino)-benzyl]-2
55-dihydro-lH-

pyrrol-3-yl}-propionamide,

2-(l-benzyl-2-oxo-2,5-dihydro-lH-py^

15 2-[ 1 -(2,4-dimethoxy-benzyl)-2-oxo-2,5-dihydro- 1 H-pyrrol-3-yl]-N-hydroxy-

acetamide,

N-hydroxy-2-(2-oxo- 1 -phenethyl-2,5-dihydro-lH-pyrrol-3-yl)- acetamide,

N-hydroxy-2-[2-oxo-l-(4-phenyl-b^

2-[l-(4-benzyloxy-benzyl)-2-oxo-2,5-dih^^

20 2-(l -benzyl-2-oxo-pyrrolidin-3-yl)-N-hydroxy-acetamide,

2- [ 1 -(2,4-dimethoxy-benzyl)-^

N-hydroxy-2-(2-oxo-l-phenethyl-pyrrolidin-3-yl)- acetamide,

3- {
1-[2-(2-fluoro-phenyl)-e^

propionamide,

25 3- { 1-[2-(3-fluoro-phenyl)-ethyl]-2-oxo-2,5-dihydro- lH-pyirol-3-yl}-N-hydroxy-

propionamide,

3-{l-[2-(4-fluoro-phenyl)-ethyl]-^^

propionamide,

N-hydroxy-3-{l-[2-(2-nitro-pheny^

30 propionamide,

N-hydroxy-3- { 1 -[2-(3-nitro-phenyl)-ethyl]-2-oxo-2,5-dihydro- lH-pyrrol-3-yl} -

propionamide,

N-hydroxy-3- { 1 -[2-(4-nitro-phenyl)-ethy^

propionamide,

35 3-{l-[2-(2-bromo-phenyl)-ethy^

propionamide,

3-{l-[2-(4-bromo-phenyl)-e%l]-2-oxo
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propionamide,

N-hydroxy-3- { 1 -[2-(2-methoxy-phenyl)-ethyl]-2-oxo-2,5-dihydro-lH-pyrrol-3-yl}-

propionamide,

N-hydroxy-3-{l-[2-(3-methoxy-pte

5 propionamide,

N-hydroxy-3- {l-[2-(4-methoxy-phenyl)-e^

propionamide,

N-hydroxy-3-[2-oxo-l-(2-j9-tolyl-e^^

N-hydroxy-3- { 1 -[3-(4-methoxy-phenyl)-propyl]-2-oxo-2,5-dihydro- lH-pyrrol-3-yl}
-

10 propionamide,

N-hydroxy-3-[2-oxo-l-(3-a-toly^

N-hydroxy-3-[2-oxo-l-(3-m-tolyl-propyl)-2,5-dihydro-lH-pyrrol-3-yl]-

propionamide,

N-hydroxy-3- {l-[3-(4-isopropyl-phenyl)^^

15 yl]-propionamide,

3-{l-[3-(4-bromo-phenyl)-propyl]-2-oxo-2,^^

propionamide,

3. {l_[3-(4-chloro-phenyl)-pro

propionamide,

20 N-hydroxy-3- { 1 -[3-(4-methoxy-phenyl)-propyl]-2-oxo-2,5-dihydro-lH-pyrrol-3-yl]-

propionamide,

N-hydroxy-3-{l-[3-(2-methoxy-phenyl)-propy

propionamide,

N-hydroxy-3- { 1 -[3-(3-methoxy-phenyl)-propyl]-2-oxo-2,5-dihydro-lH-pyrrol-3-yl}-

25 propionamide.

4. A use of a compound represented by the following general formula (III), and

the pharmaceutical^ acceptable salt or the isomer thereof for the preparation of

pharmaceutical composition to treat and prevent cancer diseases:

30

>N^0

(HI)
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wherein

X is a hydroxyl group, -NHOH, -NHOCH2Ph,

R is a lower alkyl, lower alkenyl, lower alkynyl, lower allyl group having CI to C5

5 carbon atoms, a heterocyclic group or aromatic aryl group;

n is an integer of 1 to 5;

dotted line (
=

) means single bond or double bond.

5. The use according to claim 4, wherein said R is the group selected from

10 thiopenyl group, naphtyl group, pyrrolyl group, flxryl group and biphenyl group.

6. The use according to claim 5, wherein said compound is one selected from the

group consisting of;

N-hydroxy-3-(l-naphthalene-2-y^

15 propionamide,

N-hydroxy-3<l -methyl-2-oxo-2,5-dih^^

3-(l -allyl-2-oxo-2,5-dihydro-lH^^

N-hydroxy-3 -[ 1-(2-naphthalene- 1 -yl-ethyl)-2-oxo-2,5-dihydro- 1 H-pyrrol-3-yl] -

propionamide,

20 N-hydroxy-3-[l-(2-naphthate

propionamide,

N-hydroxy-3-[2-oxo-l-(2-thiophen^^

propionamide,

3-[l-(3-biphenyl-4-yl-pro^^

25 propionamide,

N-hydroxy-3-[l-(3-naphthalene-2-yl^^^

yl]-propionamide.

7. A use of a compound represented by the following general formula (IV), and

30 the pharmaceutical^ acceptable salt or the isomer thereof for the preparation of

pharmaceutical composition to treat and prevent cancer diseases:
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=\
-M

m
(IV)

wherein

X is a hydroxyl group, -NHOH, -NHOCH2Ph,

5 Y is a lower alkyl group, lower alkoxy group, nitro, halogen, amine, acetamide,

carbonamide or sulfonamide group;

M is a lower alkyl group or phenyl group substituted with R\ of which R' is a

hydrogen, lower alkyl or lower alkoxy group;

m and r is independently an integer of 1 to 5 respectively;

10 n is an integer of 1 to 5;

dotted line (-) means single bond or double bond.

8. The use according to claim 7, wherein said compound is one selected from the

group consisting of;

15 3-[ 1-(2,4-Dimethoxybenzyl)-2-oxo-l ,2,5,6-tetragydropyridine-3-yl]N-

hydroxypropionamide,

N-hydroxy-3-(l-benzyl-2-oxo-l,2,5,^ acid,

N-hyckoxy-3 -
[ 1 -(4-mtro-benz

propionamide,

20 3-(l-benzyl-2^xo-l,2,5,64etrahydro-pyri^

N-hydroxy-3-[2-oxo- 1 -(4-phenyl-butyl)- 1 ,2,5,6-tetrahydro-pyridin-3-yl]-

propionamide,

N-hydroxy-3-(2-oxo-l -phenethyl-1 ^^^^etrahydro-pyridin-S-yO-propionamide,

3-[ 1 -(2,4-dimethoxybenzyl)-2-oxo- 1 ,2,5,6-tetrahydro-pyridin-3-yl)-propionic

25 acid,

3-(l-benzyl-2-oxo-l ,2,5,6-tetrahydro-pyridin-3-yl)-propionic acid,

3-[l-(4-nitro-benzyl)-2-oxo-l,2,5^^

3-[2-oxo-l-(3-phenyl-propyl)4,2,5,6-tetrahycho-pyridin-3-yl)-prop^ acid,
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3-[2-oxo4-(4-phenyl4>u^

3-(2-oxo- 1-phenethyl- 1 ,2,5,64etrahydro-pyridin-3-yl)-propionic acid,

3-(l-benzyl-2-oxo4
52,5,64etrahydro-pyridin-3-yl)-N-pyridin^

propionamide,

5 N-(2-amino-phenyl)-3<l-be^

propionamide,

N-(2-amino-phenyl)-3-[l-(2-me^

yl)-propionamide,

N-(2-ammo-phenyl)-3-^^

10 yl)-propionamide,

N-benzyloxy-3-(2-oxo4-phene^^

propionamide,

3-[l-(4-acetylamino-benzyl)-2-oxo-l,2,5,6^^

propionamide,

15 N-4^5~(2-hydroxycarbamoyl-ethy^

phenyl-benzamide,

N-hydroxy-3-[l-(4-dime^

pyridin-3-yl]-propionamide,

N-hydroxy-3-2-oxo4^4<toluene-4-sulfonylamino>benzyl-l^

20 pyridin-3-yl]-propionamide,

3-[l-(4-acetylamino-be^^

acid,

3-[l-(4-benzoylamino-benzyl)-2-oxo-l,2,5,64etrahydro-p^

acid,

25 3-2-oxo-l-[4-(toluene-4-sulfonyla^

pyridin-3-yl]-propionic acid,

N-hydroxy-3-(2-oxo4-phenethyl-piperidine-3-yl)-propionanu

2-[l<2,4-dimethoxy-benzyl)-2-oxo-l,2,5,6-tetrahydro-pyridin^

acetamide,

30 2Kl-benzyl-2-oxo-l,2,5,64etrahydro-pyridin-3-yl)-N-hy^

N4iydroxy-2-[l-(4-nitro-b^^

hydroxy-acetamide,

N-hydroxy-2-[2-oxo4<3-ph^

hydroxy-acetamide,

i5 N-hydroxy-2.[2-oxo-l-(4-phenyl-butyl)-l,2,5,6-tetrahydro-pyri^

hydroxy-acetamide,

[ 1 <2,4-dimethoxy-benzyl)-2-oxo- 1 ,2,5,6-tetraliydro-pyridin-3-yl]-acetic acid,
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(l-benzyl-2-oxo4,2,5,64etrahydro-pyridin-3-yl)-acetic acid,

(2-oxo- 1 -phenethyl- 1 ,2,5 ?
6-tetrahydro-pyridin-3-yl)-acetic acid,

[2-oxo-l-(3-phenyl-propyl)4,2,5,6-tetrahydro-pyridin-3-yl)-acetic acid,

[2-oxo-l-(4-phenyl-butyl)-l,2,5,64etrahydro-pyridin-3-yl)-aceticacid^

5 2-[l-(2,4-dimethoxy-benzy^

(2-oxo- 1 -phenethyl-piperidine-3-yl)-acetic acid,

[2-oxo-l-(3-phenyl-propyl)-piperidine-3-yl]-acetic acid,

4-[l-(4-methoxy-beiizyl)-2-oxo-l,2,5,6-tetrahydro-pyridin-3-yy

butylamide,

10 4-(l-phene%l-2-oxo-l,2,5,6-tetrahydro-pyri^^

N-hydroxy-4-[2-oxo-l-(3-phenyl-propy^

butylamide,

N-hydroxy-4-[2-oxo-l-(3-phenyl-butyl)-l,2,5,6-tetrahy(ko-pyridin

butylamide.

15

9. A use of a compound represented by the following general formula (V), and the

pharmaceutical^ acceptable salt or the isomer thereof for the preparation of

pharmaceutical composition to treat and prevent cancer diseases:

20 R (V)

wherein

X is a hydroxyl group, -NHOH, -NHOCH2Ph,

R is a lower alkyl, lower alkenyl, lower alkynyl, lower allyl group having CI to C5

25 carbon atoms, a heterocyclic group or aromatic aryl group, preferably, the group

selected from thiopenyl group, naphtyl group, pyrrolyl group, furyl group and biphenyl

group;

n is an integer of 1 to 5;

dotted line (") means single bond or double bond.
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10. The use according to claim 9, wherein said compound is one selected from the

group consisting of;

S^a-oxo-l^^^^etrahydro-pyridin-S-y^-propionicacid,

5 N-Benzyloxy-3-(2-oxo4
52,5,64etrahydro-pyridin-3-yl)-propionamide

>

3-( 1 -Allyl-2-oxo- 1 ,2,5,6-tetrahycko-pyridin-3-yl)-N-hydroxy-propionamide,

N-hydroxy-3-(l -methyl-2-oxo-l ,2,5,6-tetrahydro-pyridin-3-yl)-propionamide,

N-hydroxy-3-( 1 -(naphthalene-2-yl-methyl)-2-oxo- 1 ,2,5,6-tetrahydro-pyridin-3-yl)-

propionamide,

10 N-hydroxy^^^

propionamide.

11. A novel compound represented by the following general formula (VI), the

pharmaceutically acceptable salt or the isomer thereof:

15

wherein

ft

20 Xisahydroxylgroup,-NHOH,-NHOCH2Ph, or
^

R is independently hydrogen atom, lower alkyl, lower alkenyl, lower alkynyl, lower

allyl group having CI to C4 carbon atoms substituted with a phenyl group which can be

substituted with halogen atom or lower alkyl group;

n is an integer of 1 to 5;

25 dotted line (=) means single bond or double bond.

12. The compound according to claim 11, wherein said compound is one selected

from the group consisting of;
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N-3-(l-benzyl-2-oxo-2,5,6,74etr^

N-hydroxy-3-[2-oxo-l-(3-phenyl-e^

propionamide,

N-hydroxy-3-[2-oxo-l-(3-phenyl-propyl)-2,5,6J-tetrahycto

5 propionamide,

N-hydroxy~3-[2-oxo4-(3-phenyl-bu^

propionamide.

13. A use of the compound of general formula (VI) as set forth in claim 12 or the

10 pharmaceutical^ acceptable salt thereof as an active ingredient in amount effective to

treat or prevent cancer disease together with pharmaceutically acceptable carriers or

diluents.

14. The use according to any one of claims 1 to 11 and 13, wherein said cancer

15 disease comprises lung cancer, bone cancer, pancreatic cancer, skin cancer, cancer of the

head and neck, cutaneous or intraocular melanoma, uterine cancer, ovarian cancer, rectal

cancer or cancer of the anal region, stomach cancer, colon cancer, breast cancer,

gynecologic tumors, Hodgkin's disease, cancer of the esophagus, cancer of the small

intestine, cancer of the endocrine system, sarcomas of soft tissues, cancer of the urethra,

20 cancer of the penis, prostate cancer, chronic or acute leukemia, solid tumors of

childhood, lymphocytic lymphonas, cancer of the bladder, cancer of the kidney or ureter,

and neoplasms of the central nervous system.
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